Ah  ill  21? 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  THE  BEST 
QUALITY  AVAILABLE. 

COPY  FURNISHED  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


Security  Claaaification 


DOCUMENT  CONTROL  DATA  •  R&D 

(Saeurlly  cIimMInUoi  of  HU o,  body  of  abaltaet  onf  Mftttof  annotation  muat  bo  antarad  whan  tha  ovarall  import  la  claaalllad) 


1  ORIGINATING  ACTIVITY  fCoiportM  author.) 


la  REPORT  tECURITY  CLARIFICATION 


Applied  Physics  Laboratory,  University  of 
Washington,  1013  NE  40th,  Seattle,  Wash. 


Unclassified 


26  GROUP 


sWOM 


3  REPORT  TITLE 


ARCTIC  TECHNOLOGY  PROGRAM  AT  THE  UNIVERSITY  OF  WASHINGTON  (U) 


4  DESCRIPTIVE  NOTES  (Typa  61  tapott  and  Inelui'lva  dataa) 

Annual  Report,  1  June  1970  -  30  June  1971 


5  AUTHORS;  (Lft  namo,  fJrafrtom*,  inttiml) 

Murphy,  Stanley  R. 


S  REPORT  OATE 


20  August  1971 


70  TOTAL  NO.  OF 


7b.  NO  OF  ref* 


SO.  CONTRACT  OR  OR  ANT  NO. 

N00014-67-A-0 10  3-0016 

b.  PROJECT  NO. 

ARPA  Order  Number:  1668 


10  A  V  A  I L  ABILITY/LIMITATION  NOTICES 


SO.  ORIGINATOR'S  REPORT  NUMlIRfSj 


Sb.  OTHER  RfPORT  NOfS;  (Any  othrnr  numbara  that  may  b*  amalgnad 
mla  taparlj 

Appendix  A  to  this  report  is  APL-UW  7108 


Distribution  of  this  document  is  unlimited 


It  SPONSORING  MILITARY  ACTIVITY 

Advanced  Research  Projects  Agency 
1400  Wilson  Blvd. 

Arlington,  Virginia  22209 


IS  ABSTRACT 


A  synopsis  of  the  sponsored  arctic  technology  development  at  the 
University  of  Washington  is  presented.  This  includes  a  description 
of  the  technicel  management  plan  which  has  bean  used  to  administer 
the  program;  final  reports  from  the  four  technical  investigations 
that  were  undertaken  (the  design  of  an  unmanned,  untethered  arctic 
research  submersible,  the  study  of  arctic  research  missions  for  sur¬ 
face  effect  vehicles,  the  experimental  development  of  e  lightweight 
peck-ice  shelter  module  end  the  experimental  development  of  a  thermal 
ice-coring  mechanism);  end  e  description  of  several  concepts  for 
new  arctic  technology  which  ere  being  considered. (U) 


FORM 

1  JAN  §4 


1473 


Security  Classification 


UNCLASSIFIED 


JSecurit^CIassification^ 


KEY  WORDS 


LINK  A 


ROLE 


LINK  g 


ROLE 


LINK  C 


ROLE 


submersible,  unmanned  arctic  research 

acoustics,  under-ice 

under-lce  surface  profiler 

arctic  shelter  modules 

arctic  surface  effect  vehicles 

Ice-coring,  thermal 

arctic  acoustic  buoys 

arctic  research  technology 


INSTRUCTIONS 


ORIGINATING  ACTIVITY:  Enter  the  name  and  addreaa 
of  the  contractor,  aubcontractor,  grantee,  Department  of  De¬ 
fense  activity  or  other  organization  ( corporate  author!  iatuing 
the  report. 

2a.  REPORT  SECURTY  CLASSIFICATION:  Enter  the  over¬ 
all  security  claaaification  of  the  report.  Indicate  whether 
"Restricted  Data"  it  included,  Marking  it  to  be  in  accord¬ 
ance  with  appropriate  security  regulations^ 

2b.  GROUP:  Automatic  downgrading  it  specified  in  DoD  Di¬ 
rective  5200. 10  and  Armed  Forces  Industrial  Manual.  Enter 
the  group  number.  Also,  when  applicable,  show  that  optional 
markings  have  been  used  for  Group  3  and  Group  4  at  author¬ 
ized. 

3.  REPORT  TITLE:  Enter  the  complete  report  title  in  all 
capital  letters.  Titles  in  ail  cases  should  be  unclassified. 

If  a  meaningful  title  cannot  be  selected  without  classifica¬ 
tion,  show  title  classification  in  all  capitals  in  parenthesis 
immediately  following  the  title. 

4.  DESCRIPTIVE  NOTES  If  ^ipropriate,  enter  the  type  of 
report,  e.g,.  interim,  progress,  summary,  annual,  or  final. 

Give  the  inclusive  dates  when  a  specific  reporting  period  is 
covered. 

5.  AUTIIOR(S):  Enter  the  namefa)  of  authotfa)  sa  shown  on 
or  in  the  report.  Entei  last  name,  first  name,  middle  initial. 

If  military,  show  rank  an  j  branch  of  service.  The  name  of 
the  principal  author  is  an  absolute  minimum  requirement. 

6.  REPORT  DATE  Enter  the  date  of  the  report  as  day, 
month,  year,  or  month,  year.  If  more  than  nne  d.'te  appears 
on  the  report,  use  date  of  publication. 

7a.  TOTAL  NUMBER  OF  PAGES:  The  total  page  count 
should  follow  normal  pagination  procedures,  i.e.,  enter  the 
number  of  pages  containing  information. 

7b  NUMBER  OF  REFERENCES  Enter  the  total  number  of 
references  cited  in  the  report. 

Re.  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  report  wsa  written. 

Ik,  <k  Id.  PROJECT  NUMBER:  Enter  the  appropriate 
military  department  identification,  such  as  project  number, 
subproject  number,  system  numbers,  task  number,  etc. 

«a  ORIGINATOR'S  REPORT  NLMBER(S):  Enter  the  of fi- 
cial  report  number  by  which  the  doc,  ment  will  be  identified 
and  controlled  by  the  originating  activity.  This  number  must 
be  unique  to  this  report. 

Oh.  OTHER  REPORT  NUMBF.RfS):  If  the  report  has  been 
assigned  any  other  report  numbers  feifher  hv  the  originator 
or  hv  the  sponsor),  also  enter  this  number! s). 

10.  AVAILABILITY  LIMITATION  NOTICES  Enter  any  Inn-  . 
nations  on  further  dissemination  of  the  report,  other  than  those) 


imposed  by  security  classification,  using  standard  ststements 
such  as: 

(1)  "Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC." 

(2)  "Foreign  announcement  and  disser-'nstion  of  this 
report  by  DDC  is  not  authorised" 

(3)  "U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 


(4)  "U.  S  military  agencies  may  obtain  copies  of  this 

report  directly  from  DDC  Other  qualified  uaers 
shall  request  through 


(5)  "All  distribution  of  this  report  is  controlled  Qual¬ 
ified  DDC  users  shall  request  through 


If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi¬ 
cate  this  fact  and  enter  the  price,  if  known. 

!L  SUPPLEMENTARY  NOTES:  Use  tor  additional  explana¬ 
tory  notes. 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departments!  project  office  or  laboratory  sponsoring  fpsr 
fitg  for)  t  he  research  and  development.  Include  address. 

13.  ABSTRACT:  Enter  an  abstract  giving  a  brief  and  factual 
summary  of  the  document  indicstive  of  the  report,  ever  though 
it  may  also  appear  r'aewhere  in  the  body  of  the  technicsl  re¬ 
port.  If  additions!  space  is  required,  s  continuation  sheet  shsll 
be  attached. 

It  is  highly  desirable  thst  the  abstract  of  clsasifted  reports 
be  unclassified  Each  paragraph  of  the  abstract  shall  end  with 
an  indication  of  the  militsry  security  classification  of  the  in¬ 
formation  in  the  paragraph,  represented  sa  rrsi.  f  J).  fC).  or  (V) 

There  ts  no  limitation  on  the  length  of  the  abstract  How¬ 
ever,  the  suggested  length  la  from  150  to  225  words. 

14.  KEY  WORDS:  Key  words  are  technically  mesningful  terms 
or  short  phrases  that  characterise  a  report  snd  may  be  used  as 
tndea  entries  for  cataloging  the  report  Key  words  must  be 
selected  so  that  no  security  classification  ts  required.  Identi¬ 
fiers.  such  aa  equipment  model  designation,  trade  name,  militaryj 
project  code  name,  geographic  location,  may  he  used  as  key 
words  but  will  be  followed  by  an  indication  of  technical  con¬ 
test.  The  assignment  of  links,  idles,  and  weights  is  optional 


UNCLASSIFIED 
Security  Classification 


ARCTIC  TECHNOLOGY  DEVELOPMENT 
AT  THE  UNIVERSITY  OF  WASHINGTON 

Annual  Report 

I  June  1970  -  30  June  1971 


THIS  RESEARCH  HAS  SUPPORTED  BY  THE  ADVANCED  RESEARCH  PROJECTS  AGENCY 
OF  THE  DEPARTHENT  OF  DEFENSE  AND  HAS  MONITORED  BY  ONR  UNDER  CONTRACT 
NO.  N00014-67-A-0103-0016. 


ARPA  Order  Number:  1668 


Program  Code  Number: 

Contractor: 

Period  of  Performance: 


ON  10 

Board  of  Regents 
University  of  Washington 
Seattle,  Washington  98195 

1  June  1970  -  30  June  1971 


Amount  of  Contract:  $229,439.00 


Contract  Number:  N00014-67-A-0103-0016 

Principal  Investigator:  Stanley  R.  Murphy,  Director 

Division  of  Marine  Resources 
University  of  Washington  (206)  543-6600 

Scientific  Officer:  Director,  Ocean  Technology  Programs 

Ocean  Science  and  Technology  Division 
Office  of  Naval  Research,  Dept,  of  the  Navy 
Arlington,  Virginia  22217 


20  AUGUST  1971 


The  views  and  conclusions  contained  In  this  document  are  those  of  the  authors 
and  should  not  be  interpreted  as  necessarily  representing  the  official  policies, 
either  expressed  or  Implied,  of  the  Advanced  Research  Projects  Agency  or  the  U.S. 
Government. 

Reproduction  in  whole  or  in  part  is  permitted  for  any  purpose  of  the  United 
States  Government. 


CONTENTS 


I.  INTRODUCTION .  1 

II.  ANNUAL  PERFORMANCE  SUMMARY .  3 

A.  Unmanned  Arctic  Research  Submersible .  3 

B.  Surface  Effect  Vehicle  Mission  and  Technology  Study .  6 

C.  Thermal  Ice  Corer . 7 

D.  POLAR  Module  Investigation.... .  9 

III.  PROGRAM  ACTIVITY  FORECAST .  10 

A.  UARS  System  Fabrication,  Test  and  Deployment .  10 

B.  Polar  Ice  Pack  Utility  Vehicle .  12 

C.  Short  Range  Secure  Acoustic  Data  Transmission .  13 

D.  Electromagnetic  Detection  of  Targets  on  Pack  Ice .  14 

E.  Acoustic  Probing  of  the  Arctic  Atmospheric  Boundary  Layer .  IS 

F.  Acoustic  Determination  of  the  Near  Surface  Structure  of 

Permafrost  and  Sea  Ice....... .  16 

IV.  CONCLUSION .  16 

APPENDIX  A:  Unmanned  Arctic  Research  Submersible  Design  Report...  63  pp. 

APPENDIX  B:  Surface  Effect  Vehicle  Mission  and  Technology 

Study  Report .  29  pp. 

APPENDIX  C:  POLAR  Module  Report .  33  PP* 

DD  Form  1473 


lit 


ARCTIC  TECHNOLOGY  DEVELOPMENT 


AT  THE  UNIVERSITY  OF  WASHINGTON 
ANNUAL  REPORT 


I.  INTRODUCTION 

The  University  of  Washington  has  had  an  active  scientific  interest  in  the 
Arctic  for  nearly  four  decades.  During  the  past  year  this  has  been  enhanced 
by  a  strong  effort  In  Arctic  technology  as  a  result  of  the  current  ARPA  program. 
At  the  outset  of  that  program  we  identified  three  long-range  objectives  in 
Arctic  Technology  as  follows: 

1.  To  provide  a  growing  set  of  technological  alternatives  for  conducting 
work  in  the  Arctic  regions. 

2.  To  provide  a  basis  for  a  systematic  consideration  of  Arctic  problems 
by  multidisciplinary  academic  teams. 

3.  To  provide  the  framework  within  which  the  needs  for  technological 
advancements  in  marine-related  activities  can  be  identified  in  terms 
of  alternate  solutions  to  specific  problems. 

The  specific  tasks  selected  to  initiate  the  program  were: 

1.  To  provide  an  administrative  structure  within  the  University's 
Division  of  Marine  Resources  (DMR)  through  which  problems  could  be 
Identified  and  systematic  responses  developed. 

2.  To  accomplish  the  design  of  a  portable*  unmanned  Arctic  submersible, 
together  with  its  control  and  data  acquisition  systems  for  research 
missions  beneath  the  ice  canopy. 

3.  To  explore  the  potential  of  a  surface  effect  vehicle  for  Arctic 
research  missions. 

As  we  stand  at  the  conclusion  of  the  first  year  of  effort  we  are  pleased 
to  report  that  we  have  been  able  to  accomplish  considerably  more  than  was 
originally  anticipated.  Highlights  of  this  year's  activity  are  listed  below 
with  much  greater  detail  provided  in  later  sections  of  this  report. 

1.  An  administrative  mechanism  for  the  program  has  been  established  to 
assure  its  timely  and  coordinated  accomplishment  and  to  provide  a  continuing 
source  of  new  concepts  for  the  improvement  of  polar  research.  These  functions 
are  carried  out  under  the  guidance  of  an  Arctic  Technology  Advisory  Committee 
(ATAC)  which  pools  the  University  expertise  in  cold  regions  research. 
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2.  The  design  of  the  Unmanned  Arctic  Research  Submersible  (UARS)  system 
was  completed  on  schedule  without  technical  delays  or  difficulty.  A  review 
of  this  work  was  conducted  in  early  December,  1970,  to  acquaint  the  scientific 
community  with  the  concept  and  an  interim  design  report  was  prepared  at  that 
time. 


3.  The  study  of  surface  effect  vehicle  research  missions  has  been 
completed  and  recommendations  made  for  carrying  out  a  valid  Arctic  vehicle  test 
program.  Suggested  SEV  design  characteristics  for  two  Arctic  research  missions 
also  have  been  provided. 

4.  Within  the  area  of  peripheral  Arctic  technology  a  significant  contri¬ 
bution  was  made  in  developing  and  demonstrating  a  hot  water  ice  coring  device. 
This  technique,  originally  planned  for  the  support  of  UARS  in  1972,  is  now 
scheduled  for  use  this  summer  in  a  Naval  Ordnance  Laboratory  project.  In 
another  project,  a  light-weight,  prefabricated  Arctic  living  and  research 
module  for  use  on  pack  ice  was  designed  and  carried  through  experimental 
development. 

ARPA  sponsorship  of  this  Technology  Program  has  had  a  pronounced  effect 
in  catalyzing  new  ideas  from  within  the  University.  For  example,  as  a  spin-off 
from  the  UARS  tracking  system  design  has  emerged  an  Arctic  data  buoy  concept 
which  will  be  suitable  for  use  in  both  the  frozen  central  pack  ice  and  in  the 
marginal  seas.  Also,  the  design  of  the  UARS  acoustic  ice  profiler  led  to  a 
concept  for  acoustic  instrumentation  to  measure  permafrost  thickness  and  internal 
discontinuities.  Many  other  new  ideas  and  approaches  have  been  generated  for 
the  Arctic.  Some  of  the  more  promising  ones  are  described  in  this  report  under 
PROGRAM  ACTIVITY  FORECAST. 

The  Arctic  Technology  Program  at  the  University  of  Washington  has  provided 
ARPA  with  continuing  access  to  an  interdisciplinary  source  of  recognized  Arctic 
competence.  This  broadly  qualified  group  of  Arctic  scientists  and  engineers 
functions  through  the  Arctic  Technology  Advisory  Conmittee  which  is  on  call  to 
address  problems  of  immediate  concern  to  ARPA,  DDR&E  and  other  DOD  offices. 

This  year  members  of  this  group  attended  and  contributed  to  two  ARPA-sponsored 
Arctic  workshops  and  participated  in  a  mid-contract  design  review  of  the  UARS 
system.  The  committee  holds  bi-monthly  meetings  to  assure  coordination  of  all 
Arctic  activity  at  the  University  and  to  review  proposals  for  the  development 
of  new  technology.  The  ARPA  Arctic  workshops  at  Hanover  and  Arlington  high¬ 
lighted  many  areas  where  advanced  technological  concepts  are  needed.  We  have 
focused  attention  on  at  least  two  of  these  —  long-life,  remotely  interrogated, 
under-ice  data  buoys,  and  electromagnetic  detection  techniques  and  surveillance 
of  the  sea-ice  surface  (brief  concept  description  given  in  PROGRAM  ACTIVITY 
FORECAST) . 

The  University  is,  naturally,  interested  in  the  broadest  application  of 
Arctic  technology  to  research  and  the  public  benefit.  This  program  is  viewed  as 
a  very  desirable  approach  to  this  philosophy  for  clearly  the  same  equipment, 
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developed  to  locate  a  commercial  aircraft  forced  down  In  the  Arctic  night, 
would  be  suitable  to  study  the  military  aspects  of  electromagnetic  signature 
suppression  and  other  camouflaging  needs  for  surface  forces.  Similarly,  an 
instrument  that  can  be  developed  to  assess  permafrost  areas  for  commercial 
building  sites  differs  little  from  that  which  is  needed  by  military  engineers 
to  permit  the  quick  selection  of  Arctic  cantonment  areas. 

II.  ANNUAL  PERFORMANCE  SUMMARY 

A  full  technical  description  and  discussion  of  each  project  within  this 
program  is  provided  in  the  appendices.  However,  in  consideration  for  those 
readers  .ire  interested  primarily  in  a  synopsis  of  the  work  in  this  year's 
projects  this  section  has  been  included. 


A.  UNMANNED  ARCTIC  RESEARCH  SUBMERSIBLE  SYSTEM 

Co-principal  Investigators.*  R.  E.  Francois  (206)  543-1357 

W.  E.  Nodland  (206)  543-1319 

The  design  and  principal  subsystem  development  for  an  Unmanned  Arctic 
Research  Submersible  (UARS)  system  was  completed  under  this  contract.  The 
system  consists  of  two  major  elements  —  an  unmanned  submersible  which  serves 
as  a  mobile  instrument  carrier,  and  a  remote,  acoustically  controlled  tracking, 
guidance,  and  recovery  system.  The  vehicle  weighs  approximately  1000  pounds, 
has  a  length  of  approximately  10  ft,  a  diameter  of  19  inches  and  may  be  driven 
at  different  speeds  depending  upon  the  mission  to  be  accomplished.  Oceanographic 
measurements  are  usually  taken  at  six  knots  while  ice  under-surface  profiling 
is  done  at  three  knots.  The  main  batteries  will  supply  up  to  ten  hours  of 
run  time.  The  principal  acoustic  components  carried  by  the  vehicle  are  for 
communication,  tracking,  homing  and  collision  avoidance.  The  latter  is  made 
necessary  because  of  the  potential  presence  of  massive  ice  keels  that  could 
project  downward  into  the  path  of  the  oncoming  submersible.  The  design 
maximum  operating  depth  of  the  submersible  is  1500  feet.  The  initial  instru¬ 
mentation  suite  of  UARS  will  also  feature  acoustic  sensors  incorporated  into 
an  ice  profiler  that  is  capable  of  measuring  under-surface  elevations  to  a 
differential  accuracy  of  0.25  feet  from  a  vehicle  depth  of  60  to  250  ft.  below 
the  surface.  The  launching  procedure  calls  for  the  vehicle  to  be  lowered  by 
special  sling  through  a  4  x  12  foot  hole  in  the  ice  and  released  from  a 
horizontal  position  at  a  depth  of  approximately  50  feet.  Procedures  and 
equipment  developed  to  facilitate  making  the  access  hole  in  the  ice  will  be 
described  in  a  later  section. 

Tracking  elements  in  the  system  are  (1)  an  array  of  three  or  more  RF- 
telemetering  hydrophones  arranged  in  a  pattern  which  defines  the  experiment  or 
survey  area,  (2)  two  baseline  acoustic  projectors  which  are  normally  located 
within  the  survey  area  and  provide  a  coordinate  reference  system,  (3)  an 
acoustic  source  aboard  UARS  and  (4)  the  timing  units,  data  processors  and  power 
supply  which  provide  the  basis  for  interpreting  the  acoustic  signals  and  making 
rapid  position  calculations.  The  hydrophones  and  baseline  projectors  are 
designed  as  free-floating  buoys,  but  can  be  frozen  in  place,  weather  permitting. 
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In  order  to  control  the  UARS  precisely  and  to  Insure  its  reliable  recovery, 
an  acoustic  communication  link  with  the  vehicle  Is  employed.  The  system 
utilizes  a  common  frequency  for  command,  tracking,  and  vehicle  data  trans¬ 
mission.  Both  the  tracking  and  command  pulses  are  digitally  coded  using 
100  percent  phase-shift-keyed  modulation  at  a  carrier  frequency  of  50  kHz. 
Sixteen  command  functions  are  available  to  control  UARS.  Because  of  the 
large  amount  of  information  to  be  acoustically  telemetered  to  the  tracking 
station,  and  because  of  the  restriction  on  pulse  length  (to  avoid  multiple 
path  interference),  additional  coded  pulses  will  be  transmitted  between 
tracking  pulses. 

The  basic  recovery  technique  is  to  lure  the  vehicle  back  to  the  recovery 
hole  by  means  of  an  acoustic  homing  system  Installed  in  the  vehicle.  This 
system  responds  to  a  particular  signal  that  is  transmitted  from  a  homing 
beacon  centered  in  a  capture  net.  This  net  will  be  lowered  through  the 
ice  hole  to  the  operating  depth  of  the  submersible  and  UARS  will  be  commanded 
to  seek  the  homing  signal. 

Internally  programmed  homing  logic,  an  Inertial  and  depth-sensing  guidance 
system,  and  the  command/tracking  receivers  provide  UARS  with  great  retrieval 
redundancy.  However,  in  the  event  of  massive  power  interruption  or  other 
catastrophic  failure  a  further  retrieval  capability  is  provided.  The 
submersible  is  positively  buoyant  and  will  rise  to  the  under-surface  of  the 
ice  and  automatically  lower  an  acoustic  beacon  and  release  a  dye  marker  to  aid 
an  over-the-ice  search  party. 

To  avoid  collision  with  deep  pressure  ridge  keels,  the  vehicle  is 
equipped  with  an  obstacle  avoidance  sonar.  Pulse  length  broadening,  a 
characteristic  of  the  expected  return  from  the  ridge  keels,  will  be  used 
for  pulse  validation.  This  will  allow  easy  rejection  of  fish  echoes.  The 
rapid  attenuation  at  this  frequency  allows  a  high  pulse  repetition  rate 
(five  pulses  per  second)  so  that  obstacle  avoidance  logic  can  be  based  upon 
receipt  of  multiple  valid  returns.  The  sonar  beam  is  axially  directed  and 
is  of  sufficient  width  to  encompass  normal  pitch  oscillations  and  trim 
conditions  of  UARS.  When  an  obstacle  is  detected,  the  vehicle  dives  to 
a  deeper  pre-programmed  depth.  After  the  obstacle  is  passed,  the  vehicle 
can  be  commanded  to  return  to  the  original  depth  if  desired. 

The  pressure  hull  is  designed  for  a  maximum  operating  depth  of  1500  feet 
with  a  calculated  crush  depth  of  2800  feet.  In  the  design  of  pressure  hulls, 
Internal  volume,  shape,  construction  material,  depth  capability,  weight  and 
payload  capability  are  factors  involved  in  a  trade-off  analysis.  In  this 
case,  the  hull  size  was  determined  principally  by  the  space  requirements  of 
the  components  to  be  carried  in  the  hull.  The  vehicle  comprises  five  small 
sections  —  a  pressure  hull  consisting  of  four  sections  and  a  flooded  tail¬ 
cone  section.  The  vehicle  can  be  broken  down  into  individual  sections  for 
shipment  to  and  from  the  test  site.  It  will  thus  be  possible  to  transport 
the  vehicle  out  onto  the  ice  pack  by  light  aircraft,  even  though  it  will 
take  more  than  one  trip.  Normal  servicing  between  runs  is  accomplished  by 
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separating  the  vehicle  at  the  joint  just  aft  of  the  battery  section.  This 
provides  access  to  the  battery  for  charging  or  replacement;  to  the  data 
chassis  and  to  the  power  control  panel  on  the  front  of  the  data  chassis 
where  the  switches  are  located  for  starting  the  vehicle,  calibrating  the 
instruments,  initializing  the  gyro  and  performing  control  system  checkout. 

The  data  chassis,  control  chassis  and  battery  are  mounted  on  slides  within 
rails  fixed  to  the  hull  so  that  they  can  be  easily  removed  for  servicing. 

The  propulsion  motor  horsepower  requirement  (1/4  bp)  was  determined 
using  drag  values  and  estimates  of  propeller  and  gear  train  efficiency  at 
a  vehicle  speed  of  three  knots.  This  was  specified  by  the  initial  research 
mission  of  the  vehicle.  Silver-zinc  batteries  will  be  used  because  their 
high  energy  density  matches  the  need  for  the  vehicle  to  be  as  smell  and  light 
as  possible  to  facilitate  portability  and  handling.  For  increased  reliability 
the  vehicle  will  carry  two  battery  supplies-  a  main  and  reserve  unit.  As 
mentioned  previously,  the  main  battery  will  provide  a  normal  10-hour  run 
capability.  Should  the  main  battery  fail,  the  reserve  unit  will  automatically 
switch  on  and  provide  slightly  more  than  two  hours  of  run  time  to  enable  the 
vehicle  to  return  to  its  recovery  hole  or  an  open  lead. 

The  ice  profiling  sub-system  receiving  transducer  is  a  spherical,  two- 
component  acoustic  lens,  with  a  raster  of  transducers  located  in  the  focal 
surface.  In  operation,  the  profiling  transmitter  transducer,  (which  is 
located  just  forward  of  the  multibeam  receiver  transducer)  is  pulsed  and  the 
reflected  signal  in  the  direction  of  the  receiving  beams  is  detected.  The 
overall  signal  transit  time  provides  a  measurement  of  slant  range.  The 
"fan"  of  multiple  beams  is  oriented  perpendicular  to  the  direction  of  motion 
of  the  vehicle.  Normally,  the  submersible  will  operate  about  50  to  60  feet 
below  the  ice,  at  which  depth  the  insonified  area  associated  with  the 
reflected  signal  is  about  one  square  foot.  Thus,  with  a  vehicle  speed  of 
three  knots  and  a  recording  rate  of  five  "data  sets"  per  second  it  will  be 
possible  to  obtain  essentially  continuous  surface  sampling. 

The  data  recording  system  is  designed  to  operate  with  a  low-speed 
magnetic  tape  recorder  in  order  to  obtain  high  resolution,  high  density  data 
over  long  periods  of  time.  All  data  are  recorded  in  binary  form  using  nine 
tracks  on  1/2-inch  magnetic  tape.  The  tape  format  was  designed  specifically 
to  minimize  the  amount  of  recording  electronics  and  still  allow  processing 
with  standard  IBM  equipment.  All  UARS  acoustic  subsystems  have  been  success¬ 
fully  tested  in  the  Arctic  under-ice  environment.  Extensive  changes  in  the 
homing  system  logic  were  found  necessary  to  avoid  ambiguities  arising  from 
reflections  from  under-ice  protrusions.  Raw  data  recording  of  the  hydrophone 
outputs  and  other  points  in  the  prototype  system  has  allowed  the  development 
and  laboratory  test  of  the  additional  logic  functions. 
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B.  SURFACE  EFFECT  VEHICLE  MISSION  AND  TECHNOLOGY  STUDY 

Co-principal  Investigators:  Victor  M.  Ganscr  (206)  543-6508 

Juris  Vagners  (206)  543-7973 

Thia  raport  presents  analyses  of  potential  Arctic  adentlflc  Surface 
Effect  Vehicle  (SEV)  missions;  available  engineering  daelgn  data;  Arctic 
SEV  teat  experience  and  preliminary  design  specifications  for  two  scientific 
mission  profiles  in  the  Arctic.  In  order  to  select  the  moat  useful  application 
for  SEVs  in  Arctic  research  many  recognised  scientists  were  interviewed.  From 
their  responses  regarding  the  utility  of  SEVs  for  their  inveetigatlons »  it 
became  apparent  that  a)  scientists  would  use  any  machine  in  which  they  had 
confidence;  b)  no  clearly  defined  research  projacts  could  be  identified 
requiring  high-speed  travel  over  large  dlatancee  on  the  ice  pack;  c)  the 
effects  of  the  vehicle's  own  environment  on  potential  experiments  in  which 
it  would  serve  as  the  mobile  platform  are  completely  unknown;  and  d)  many 
scientists  felt  that  their  immediate  goals  did  not  Justify  the  expense  involved 
in  developing  an  Arctic  SEV  solely  for  research  missions. 

Without  more  specific  guidance  the  investigators  selected  two  potential 
scientific  mission  profiles  in  order  to  develop  preliminary  SEV  designs  and 
aid  in  the  subsequent  SEV  technology  evaluation.  One  of  these  missions  focused 
on  the  AIDJEX  Program  (Arctic  Ice  Dynamics  Joint  Experiment)  which  appears  to 
be  representative  of  a  majority  of  current  research  needs.  A  second  class 
of  missions  falls  into  the  general  supply  category,  hence  leading  to  an 
Arctic  research  logistics  vehicle.  Since  large  supply  operations  in  the  Arctic 
have  Keen  carried  out  to  date  with  C-130  slrcraft,  most  load  require jente  for 
the  logistics  vehicle  were  related  to  C-130  capabilities. 

The  current  (state-of-the-art)  engineering  data  available  for  the  design 
of  new  surface  effect  vehicles  for  the  Arctic  environment  was  next  reviewed 
and  severe  deficiencies  were  found  to  exist  in  actual  flight  test  verification 
of  the  theoretical  design  curves  used  in  performance  analysis.  Evaluation 
of  the  limited  data  available  on  Arctic  SEV  operations  indicated  degradations 
of  spe#4  and  range  capability  of  as  much  as  50  percent  of  theoretical 
prM%  .ions.  The  paucity  of  specific  engineering  design  date  for  use  in 
pnif£  ;tlng  future  designs  has  lead  the  investigators  to  recommend  a  set  of 
"$?•:  tests  which  are  considered  to  be  an  essential  link  in  developing  new 
Lw...vepts  and  technology  for  Arctic  vehicles. 

The  results  of  the  two  preliminary  designs  showed  clearly  that  it  le 
difficult  to  obtain  good  range  characteristics  in  vehicles  having  low  speed 
capability  and  low  unit  surface  loading.  It  would  usually  be  acceptable  for 
a  vehicle  on  the  ice  to  have  these  performance  characteristics  since  the  • 
actual  speed  at  which  the  vehicle  progresses  will  likely  be  determined  by 
physical  features  of  the  pack  ice  itself  rather  than  vehicle  propulsion 
capability. 
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Since  this  contradicts  the  design  results,  i.e.,  SEVs  must  have  high 
loadings  and  go  fast  to  reflect  the  highest  ton-mile  efficiencies,  It  can  be 
generally  concluded  that  unleis  other  attributes  of  the  vehicle  (its 
amphibious  capability,  loading  flexibility,  etc.)  can  compensate  for  craft 
inefficiencies  at  low  speeds  one  would  be  well  advised  to  seek  alternatives 
to  the  small  and  medium  size  SEl  for  support  use  in  the  Arctic. 

C.  THERMAL  ICE  CORER  * 

Co-principal  Investigators:  R.  E.  Francois  (206)  543-1357 

E.  A.  Pence  (206)  543-1274 

Perhaps  the  most  fundamental  requirement  for  performing  work  through 
the  polar  pack  ice  is  the  ability  to  cut  access  holes  through  the  ice  to  the 
liquid  surface  wherever  required.  For  the  UARS  application  particularly,  we 
needed  the  capability  to  make  large  (4  x  12  foot)  openings  for  launch  and 
recovery.  Holes  must  also  be  made  for  inserting  the  tracking  system  acoustic 
transducers,  and  a  non-destructive  technique  is  required  for  recovering  these 
instruments  after  they  have  become  frozen  in  the  ice. 

Our  approach  to  the  ice  holing  problem  was  to  use  thermal  energy  to 
melt  an  annular  groove  or  pattern  of  linear  grooves  in  the  ice.  If  a 
groove  of  closed  geometry  is  cut  completely  through  the  ice,  the  core  (or 
instrument  buoy)  may  be  removed  by  lifting  it  out  or  disposed  of  by  pushing 
it  downward  through  the  ice  and  out  the  bottom  of  the  hole.  In  the  case 
of  an  ice  core,  pushing  it  down  through  the  hole  requires  about  1/8  the 
maximum  force  and  1/4  the  energy  Involved  in  lifting  it  out.  Furthermore,  a 
man  can  push  down  with  a  force  equal  to  his  weight  whereas  his  lifting 
ability  is  limited  to  a  force  of  about  half  his  weight.  As  an  example,  a 
200  pound  man  can  push  out  a  core  10  feet  long  with  a  cross  sectional  area 
of  3  square  feet. 

The  technique  employed  to  melt  the  desired  groove  utilizes  warmed 
water  brought  into  direct  contact  with  sea  ice.  This  warm  water  is  delivered 
to  a  distribution  manifold  Of  the  desired  shape  and  the  melt  water  is  re¬ 
covered  by  a  suction  intake  which  is  mounted  directly  above  the  delivery 
manifold.  The  excess  melt  water  is  discarded  and  heat  is  supplied  to  the 
remaining  water  which  is  then  recirculated.  The  groove  is  essentially  "dry" 
until  some  section  penetrates  the  under-surface  of  the  ice.  The  dry  groove 
therefore,  eliminates  the  possibility  of  the  core  refreezing  to  the  ice. 

The  object  of  our  preliminary  experiments  was  to  verify  the  feasibility  of 
this  approach  in  the  Arctic  environment  and  to  determine  the  manifold 
configuration,  flow  rates,  and  suction  intake  elevation  for  best  coring 
speed. 


The  experimental  apparatus  consisted  of  a  pan  with  vertical  tubular 
vents,  sized  to  fit  over  a  modified  three-burner  Coleman  gasoline  stove  which 
transferred  approximately  25,000  BTU  per  hour  to  the  working  fluid.  A  3-gallon 


further  discussion  is  contained  in  Appendix  A 
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fuel  tank  was  also  provided.  A  pair  of  small  electric-motor-driven  pumps 
(approximately  2  gpm  at  5  ft  head)  were  used  to  pump  heated  veter  by  hose 
to  the  coring  manifold  and  to  return  the  working  fluid  (elso  by  hose)  to 
the  heating  pan.  The  heat  source,  pan  and  pump  system  were  mounted  in  en 
insulated  open-top  box  so  arrsnged  that  snow  could  be  melted  to  fecllltate 
start-up,  and  initial  waste  heat  would  warm  the  motor-pumps.  The  hoses 
were  natural  rubber  wrapped  in  "space  blanket"  insulation  and  covered  with 
a  protective,  waterproof  plastic  sheath.  An  electric  heating  cable  was 
wound  directly  on  the  hoses  under  the  insulation  so  that  the  hoses  could  be 
thawed  if  frozen. 

Our  first  experiment  at  Barrow,  Alaska  utilized  a  10-inch  square  coring 
manifold.  It  was  fabricated  of  1-inch  thin-walled  steel  pipe.  Forty-eight 
small  exit  holes  were  drilled  along  the  contact  line  of  the  manifold  for 
uniform  distribution  of  the  warm  water.  A  1/2-inch  diameter  suction  return 
nozzle  was  mounted  above  the  manifold.  The  apparatus  was  set  up  in  the 
middle  of  a  salt  water  lagoon  adjacent  to  the  Naval  Arctic  Research  Laboratory. 
Snow  to  start  the  system  was  melted  and  brought  to  160°F  in  about  30  minutes. 
Cutting  was  then  started  and  a  4  ft.  long  core  removed  45  minutes  later. 

During  the  operation  of  this  test,  the  temperature  difference  between 
suction  and  delivery  was  22°F.  Water  was  delivered  at  72°F»  The  water  level 
was  kept  well  above  the  suction  intake  (by  varying  pump  speed)  at  all  times. 
Later  tests  indicated  the  desirability  of  keeping  the  water  level  as  low 
as  possible  in  the  hole.  At  Ice  Island  T-3,  a  hole  about  15  in.  square  was 
made  in  15-1/4  ft  of  sea  ice  in  6-1/2  hours.  The  core  had  47  lb.  of 
buoyancy  and  was  easily  pushed  out  through  the  bottom  to  leave  a  clear 
working  hole.  During  the  cutting  process  it  was  observed  that  the  core  was 
eroded  by  water  circulating  toward  the  suction  intake.  The  erosion  represented 
an  unnecessary  expenditure  of  thermal  energy  by  the  system  so  it  was  eliminated 
by  mounting  an  Intake  manifold  similar  to  the  delivery  or  coring  manifold 
directly  above  the  latter,  allowing  approximately  1/4-inch  clearance  betweun 
the  two  tubes.  Both  a  squire  cutting  head  and  a  linear  cutting  bar  3-1/2  feet 
long  were  fabricated  in  this  manner  and  successfully  used  in  other  tests  at 
T-3. 


The  experimental  system  performed  near  the  theoretical  limits  implicit 
in  the  thermodynamic  principle  involved.  The  "dry  hole"  approach  proved 
effective  even  though  operations  were  accomplished  with  ice  and  ambient 
temperatures  (at  the  surface)  as  low  as  -27&F.  During  all  of  the  tests, 
the  very  modest  heat  source  which  we  used  consistently  cut  a  2-inch  wide 
slot  whose  length-depth  product  exceeded  10  square  feet  per  hour. 

An  ice  corer  design  is  now  being  prepared  utilizing  propane  as  a  fuel 
source  instead  of  gasoline  and  having  an  energy  output  about  6  times  greater 
thau  the  experimental  device.  The  heater  and  associated  pump  equipment  will 
be  contained  in  roughly  a  30- inch  cube  and  weigh  about  300  lbs.  Such  a 
system  should  allow  melting  a  2-inch  groove  whose  length-depth  product  is  in 
excess  of  50  feet?  per  hour. 
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0.  POLAR*  MODULE  INVESTIGATION 

Principal  Investigator:  Vetle  Jorgensen  (206)  543-6600 

In  the  Arctic  Ocean  the  choice  of  shelter  depends  to  a  high  degree  on 
the  duration  of  the  stay  on  the  ice  field.  For  a  few  days  a  mountain  climber 
tent  or  a  snow  shelter  might  be  satisfactory  whereas  for  a  longer  period  of 
time  Improved  conditions  would  be  required.  The  insulated  tent  with  plywood 
floor,  such  aa  the  Jamesway  tent,  would  be  sufficient  through  months,  but 
in  a  camp  with  a  useful  time  of  half  or  full  years,  shelters  with  solid 
walls  would  usually  be  preferred. 

Shelters  with  solid  walls  can  be  built  up  of  pre-cut  materials,  or  of 
prefabricated  panels,  or  they  can  consist  of  room  modules  or  of  trailer-sized 
buildings.  Traditional  construction  with  pre-cut  materials  will  require 
more  construction  time  at  the  field  station  (final  site)  than  any  of  the 
other  methods  and  will  also  often  require  a  covered,  heated  work  area.  This 
increases  the  costs  to  the  extent  that  this  method  will  usually  not  be 
considered  for  ordinary  sleeping  or  laboratory  shelters. 

For  locations  which  can  be  reached  by  large  freight  aircraft  such 
as  the  C-130  Hercules,  and  which  have  heavy  road  construction  equipment  for 
hauling  and  pushing  relatively  heavy  and  large  objects  the  use  of  trailer 
sized  buildings  might  be  preferred.  They  arrive  fully  cjuipped,  can  be 
used  immediately  and  no  special  construction  crew  is  needed. 

For  areas  which  can  only  be  reached  by  smaller  aircraft  a  construction 
method  based  on  pre-fabrlcated  panels  seems  appropriate.  The  disadvantages 
with  this  method  as  it  is  used  on  the  U.S.  drifting  stations  today  is  that 
usually  a  construction  crew  is  needed  for  assembly  of  the  panels  and  that 
the  total  weight  of  the  building  type  is  so  large  that  they  can  only  be 
moved  by  heavy  bulldozers. 

For  areas  which  can  or  must  be  reached  by  medium  sized  and  large 
helicopters  (e.g. ,  the  marginal  ice  zone)  a  building  system  based  on  light¬ 
weight  room  modules  would  probably  provide  the  best  solution.  This  report 
describes  *he  design  and  construction  of  such  a  room  module  system.  The 
goal  of  this  project  was  to  design  room  modules  which  could  be  transported 
by  medium  sized  helicopters  and  then  easily  collected  with  each  other.  A 
survey  of  existing  prefabricated  huts  made  both  for  commercial  and  military 
purposes  did  not  reveal  any  system  which  satisfied  the  above  mentioned  design 
goal.  A  careful  search  for  existing  concepts  in  the  fields  of  housetrailcrs, 
ships,  airplanes,  large  (heavy)  containers,  and  smaller  (light  weight) 
military  transportation  cases  was  made  but  none  of  the  existing  work  could 
directly  be  transferred  to  the  Arctic  module  design. 


*Portable  Observation  Laboratories  for  Arctic  Research 
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The  proposed  polar  room  aodule  system  consists  of  8  x  8  x  8  ft.  rooa 
modules  which  have  side  walls  but  no  end  yells.  The  rooa  modules  can  be 
closed  at  the  ends  with  separate  8x8  ft.  end  panels. 

To  keep  the  room  modules  lightweight  the  side  walls,  the  floor  and  the 
roof  are  nade  as  a  continuous  sandwich  panel  consisting  of  polyurethane 
foam  with  aluminum  skin  inside  and  outside.  The  end  panels  are  nade  in 
two  versions:  a  fireproof  end  panel  nade  of  steel,  asbestos  and  fiberglass, 
and  a  lightweight  end  panel  made  of  wood,  polyurethane  foaa  and  alualnun. 
Through  &  considerate  combination  of  room  modules  and  fireproof  end  panels 
the  total  shelter  will  have  fire  walls  separating  the  various  zones  of  use. 
Doors  and  windows  can  be  placed  both  in  the  side  walls  of  the  modules  and 
in  the  end  panels. 

III.  PROGRAM  ACTIVITY  FORECAST 

As  mentioned  earlier,  the  Arctic  Technology  Program  has  stimulated  a 
considerable  scientific  interest  at  the  University  of  Washington  in  polar 
operational  problems.  As  solutions  to  these  problems  are  formulated,  they 
are  systematically  reviewed  by  the  Arctic  Technology  Advisory  Coemlttee  and 
subsequently  may  be  prepared  as  proposals  to  ARPA  and  other  Federal  agencies. 
During  the  coming  year  the  major  activity  in  the  program  will  relate  to  the 
completion  of  the  UARS  system;  however  several  of  the  more  promising  technical 
concepts  referred  to  above  will  also  be  described  briefly  in  this  section 
in  order  that  the  reader  may  be  aware  of  the  direction  of  our  technical 
thought  in  Arctic  research. 

A.  UARS  System  Fabrication,  Test  and  Deployment 

This  portion  of  the  UARS  system  development  will  ctmmence  as  soon  as 
the  design  has  been  completed  (June  1971).  Present  plans  are  to  use  the 
following  Arctic  working  season  (March- June  1972)  for  field  trials  and 
initial  Arctic  deployment. 

Fabrication  of  two  submersibles  is  planned  in  order  to  have  adequate 
component  back-up  and  testing  flexibility.  Upon  completion  of  the  test  and 
trial  period  in  the  deep  polar  pack  region,  it  is  planned  to  deploy  the  UARS 
system  to  the  Marginal  Ice  Zone  (MIZ)  in  the  Chukchi  Sea  (August— September 
1972)for  testing  in  the  shallow,  acoustically  anomalous  waters  of  the  Arctic 
continental  shelf.  There  the  vehicle  will  be  launched  and  recovered  from  a 
platform  located  in  the  broken  ice  field  and  the  tracking  system  will  be 
positioned  in  a  different  geometry  to  enhance  UARS  control. 

It  is  presently  understood  that  two  Arctic  projects  sponsored  by  the 
Government  are  planned  for  the  spring  and  summer  of  1972.  The  first  is  a 
phase  of  the  internationally  recognized  AIDJEX  scientific  program  which  will 
be  conducted  on  the  pack  ice,  or  possibly  near  Ice  Island  T-3,  and  the  second 
covers  ARPA-sponsored  work  to  be  undertaken  by  the  Arctic  Submarine  Laboratory 
in  the  Western  Marginal  Ice  Zone.  Each  of  these  programs  could  clearly 
provide  convenient  logistic  support  for  the  initial  UARS  arctic  trials. 
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In  return,  the  subaereible  would  be  able  to  provide  valuable  scientific  data 
to  supplement  the  measurements  taken  In  AIDJEX  and  the  M1Z  program.  Close 
coordination  has  been  maintained  with  both  the  AIDJEX  and  MIZ  program  offices. 
As  a  result,  many  of  the  design  features  of  UARS  and  its  instrumentation 
will  expressly  satisfy  data  collection  requirements  for  these  programs. 

In  the  MIZ,  UAHS  may  prove  to  be  the  only  effective  means  available  for 
studying  and  mapping  the  horizontal  distribution  of  salinity  and  temperature 
variations.  It  is  planned  to  make  the  UARS  system  available  to  support  that 
MIZ  program  as  soon  as  Arctic  trials  have  been  completed. 

There  are  several  immediate  applications  for  UARS  which  support  the 
Arctic  Submarine  Laboratory  and  also  the  Navy  ASW  program.  Under  the  polar 
ice  pack  there  is  very  little  known  about  the  character  of  acoustic 
propagation  in  the  vicinity  of  the  ice  surface.  The  situation  is  further 
complicated  by  the  shallow  bottom  found  in  much  of  the  MIZ.  To  understand 
the  absorption,  scattering  and  refraction  qualities  of  this  environment  it 
will  be  necessary  to  perform  a  number  of  experiments  in  which  UARS  could  have 
a  unique  role.  First,  its  profiling  instrumentation  could  be  used  for  mapping 
the  under-ice  topography  (scattering  surface)  of  the  experimental  site.  Next, 
it  would  serve  as  a  mobile  acoustic  projector  traveling  much  closer  to  the 
ice  surface  than  the  skipper  of  any  present  submarine  would  dare,  and  finally 
its  profiling  receiver  could  be  easily  adapted  to  provide  very  low  angle-of- 
incldence  backscatter  data  from  a  moving  source.  Simultaneously  it  would 
record  salinity  and  temperature  thus  giving  the  oceanographic  data  needed  for 
correlation,  analysis  and  operationally  useful  interpretation. 

The  Marginal  Ice  Zone  is  considered  by  many  to  be  the  most  important 
region  of  the  Arctic  from  the  standpoint  of  strategic  defense.  Since  it 
includes  areas  of  shallow  water,  changing  ice  fields,  strong  currents  and 
highly  variable  salinity  and  temperature  conditions,  it  presents  both  a 
formidable  ASW  environment  and  an  area  of  high  potential  threat  from  offensive 
ballistic  missile  submarines.  As  the  Arctic  receives  more  recognition  in 
terms  of  submarine  defensive  requirements,  the  UARS  system  is  expected  to 
play  an  increasingly  more  significant  part  not  only  in  research  but  as  a 
test-bed  for  future  weapon  system  development.  Another  useful  application 
would  be  to  design  UARS  instrumentation  and  transducers  to  simulate  full 
scale  submarine  acoustic  systems.  The  submersible  could  thus  quickly 
become  a  platform  to  study,  at  low  risk,  the  operational  behavior  of  (1) 
submarine  ice  avoidance  sonar,  (2)  Arctic  torpedo  homing  subsystems,  (3) 
reverberation  characterlstirs  compared  to  target  signatures,  and  (4)  decoy 
development  and  other  tactical  requirements.  Other  UARS  configurations  could 
be  employed  to  gather  a  wider  selection  of  fundamental  data  throughout  the 
Arctic,  typically,  measuring 

(1)  Acoustic  backscatter  from  the  ice  underside  using  directional 
transducers  to  vary  the  angle  of  incidence. 
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(2)  Radiant  flux  through  tha  lea  for  thicknaaa  prediction. 

(3)  Horizontal  teaperature  and  salinity  behavior  in  tha  vicinity  of 
leads  to  permit  the  understanding  of  theraal  advection  processes 
(Important  for  sonar  bearing  refraction  analysis  in  regions  of 
dilating  ice  pack). 

These  and  other  applications  have  been  suggested  by  DOD  scientists  and 
program  managers,  and  by  participants  at  an  Arctic  Technology  Program  Review 
and  Planning  Meeting  held  at  the  Applied  Physics  Laboratory  on  8-9  December 
1970. 


UARS  is  readily  adaptable  to  new  instrumentation,  hull  configurations, 
and  missions.  For  example,  the  present  vehicle  has  200  lb.  of  unused 
payload  which  could  be  converted  to  new  instrumentation.  Several  ports  are 
provided  for  future  installations  and  the  removable  nose  plate  is  readily 
adaptable  for  mounting  new  sensors. 

The  speed  of  the  vehicle  could  also  be  Increased  to  provide  greater 
depth  control  stability  and  maneuverability— both  desirable  features  when 
operating  close  to  the  ice.  Increased  endurance  can  be  obtained  by  adding 
a  second  battery  section.  (An  Increase  of  2  ft.  in  vehicle  length  would 
double  the  battery  capacity  without  appreciably  Increasing  body  drag  or 
affecting  control  characteristics.) 

The  UARS  system  is  not  limited  to  small  area  coverage  hut  can  make 
traverses  of  many  miles  by  using  the  homing  unit  for  primary  guidance.  In 
this  mode,  the  submersible  homing  unit  would  be  locked  onto  successive 
beacons  placed  along  the  desired  track.  One  beacon  at  a  time  would  be 
activated,  and  progressive  sequencing  would  be  accomplished  by  using  range 
measurements  between  the  tracking  projector  on  the  UARS  and  hydrophones 
Installed  with  each  beacon.  The  number  of  beacons  required  for  a  given 
track  length  would  be  a  function  of  the  beacon  source  level  and  propagation 
path  characteristics.  In  the  central  Arctic  an  inter-beacon  spacing  of 
several  miles  can  be  achieved.  Similarly,  the  UARS  tracking  system  need 
not  be  constrained  to  employment  on  ice  floes  but  could  be  mounted  on  vehicles 
capable  of  operating  over  ice,  or  on  platforms  in  open  Arctic  waters. 

B.  Polar  Ice  Pack  Utility  Vehicle 

For  many  years  scientists  participating  in  Arctic  research  projects 
have  expressed  frustration  over  the  inability  of  available  vehicles  to 
accomplish  short  journeys  over  the  ice  pack  with  economy,  safety  and 
reliability.  This  is  due  in  some  measure  to  the  extremes  of  the  Arctic 
environment— the  low  temperature,  winds  and  jagged  surface  contours 
resulting  from  pressures  in  the  ice  pack.  The  performance  specifications 
for  currently  available  Arctic  transportation  vehicles  were  never  intended 
to  meet  the  requirements  of  the  field  scientist  and,  consequently  are 
poorly  suited  for  routine  Arctic  work. 


12 


A  fresh  approach  to  the  design  of  a  polar  ice  pack  transportation 
vehicle  la  clearly  needed.  The  most  Important  consideration  for  such  a 
vehicle  should  be  absolute  reliability  between  points  on  the  ice  pack. 

Adopting  new  performance  specifications  will  be  essential  In  achieving 
this  goal.  Some  changes  night  Include: 

1.  Reduced  speed  and  Increased  endurance  for  reduced  complexity  and 
more  efficient  pulling  capability  for  trailers.  (High  speeds 
ere  neither  necessary  nor  safe  on  pack  Ice.) 

2.  Amphibious  capability,  so  that  the  vehicle  can  float  if  It  should 
breek  through  thin  Ice,  or  can  traverse  small  areas  of  open  water 
and  return  safely  to  the  Ice  pack. 

3.  Inexpensive  construction,  easy  servicing  and  long  parts  life  between 
overhauls . 

The  Department  of  Mechanlcel  Engineering  is  currently  examining  the 
fundamental  needs  for  surface  transportation  in  support  of  Arctic  research. 

The  susaury  of  their  work  will  Include  a  reasonable  set  of  performance 
specifications  for  a  vehicle  to  satisfy  those  needs. 

C.  Short  Range  Secure  Acoustic  Data  Transmission 

Among  the  many  unsolved  problems  related  to  operation  and  data  collection 
In  the  Arctic  Ocean  the  retrieval  of  information  from  sensor  systems  emplanted 
beneath  the  Ice  cover  is  one  of  the  most  significant  both  from  a  military  and 
scientific  standpoint.  In  many  important  polar  regions  the  ice  cannot  be 
used  to  support  instrumentation  for  long-term  measurements  because  it  is 
either  moving,  melting  or  breaking  up.  Attempts  have  been  made  to  place 
and  retrieve  bottom-mounted  sensor  packages  under  these  conditions  but  to 
date  there  have  been  no  successful  recoveries.  Either  the  equipment  cannot 
be  relocated  or  ice  movement  precludes  ship  operations  in  the  areas  of  interest. 
The  resultant  loss  of  valuable  hardware,  the  high  cost  of  ship  time  spent  in 
fruitless  searching  and  the  delays  to  ongoing  research  projects  caused  by  a 
leek  of  essential  field  data  are  serious  handicaps  to  our  national  Arctic 
program. 

This  problem  was  intensively  discussed  among  members  of  the  Arctic 
Technology  Advisory  Committee.  It  was  concluded  that  the  best  solution,  and 
one  which  is  feasible  within  the  present  state-of-the-art,  would  be  to  develop 
a  high  frequency  acoustic  data  link  to  transmit  information  between  a 
permanently  moored  data  buoy  and  an  appropriate  receiver  (surface  or  submarine). 
A  data  link  of  this  type  was  developed  specifically  for  the  tracking  and  control 
of  the  UARS,  and  it  could  be  adapted  to  solve  the  under  ice  buoy  problem  with 
relative  ease.  Therefore,  consideration  is  now  being  given  at  the  Applied 
Physics  Laboratory  to  the  design,  fabrication  and  testing  of  an  acoustic  data 
transmission  system. 
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Conceptually,  aenaor  signals  gathered  over  an  extended  period  of  time 
(6  mo.  -  1  yr.)  would  be  proceaaed  and  atored  Internally  on  magnetic  tape 
In  the  buoy.  At  eome  time  prior  to  expiration  of  the  tape  atorage  capacity 
a  receiving  unit  would  be  brought  within  range  (approx.  1  ml.)  of  the  buoy. 
Thla  could  be  done  using  a  helicopter  or  light  plane  at  the  surface  of  a 
submarine  beneath  the  ice.  Upon  interrogation,  the  buoy  would  acouatically 
transmit  its  stored  data  at  a  high  rate  to  the  receiver.  A  pulse-  or 
frequency-shift-keyed  code  similar  to  that  successfully  used  in  UARS  would 
be  adopted  for  transmission  since  it  is  tailored  to  reject  false  or  anomalous 
signals  that  can  occur  beneath  the  ice.  The  high  frequency,  coded  signals 
from  the  buoy  transmitter  are  inherently  quite  secure  because  of  rapid 
attenuation.  However,  they  can  be  even  more  closely  controlled  by  using 
a  very  narrow  beam  acoustic  projector  in  the  transmitter  and  receiver.  The 
system  would  be  useful  with  any  sensor  package  (surveillance,  oceanographic, 
geophysical,  etc.)  that  was  to  be  located  beneath  the  ice.  It  could  function 
satisfactorily  in  shallow  or  deep  water;  could  announce  its  presence  with  a 
beacon  or  remain  silent  until  interrogated;  and  could  be  addressed  from  any 
convenient,  reasonably  close  location.  The  buoy  itself  would  be  considered 
expendable,  but  could  have  a  programmed  life  of  several  years  using  relatively 
inexpensive  power  sources. 

D.  Electromagnetic  Detection  of  Targets  on  Pack  Ice— Enhancement  and 
Suppression 

The  problem  of  detecting  foreign  objects  in  a  polar  ice  field  has 
become  of  increasing  concern  to  many  offices  of  the  federal  government. 

In  the  Navy  this  takes  the  form  of  an  ASW  requirement  where  it  is  Important 
to  be  able  to  discriminate  between  normal  radar  clutter  from  lco  and  a 
submarine  antenna  or  superstructure.  In  sea-air  rescue  work  the  Coast 
Guard  and  Air  Force  must  be  capable  of  quickly  locating  a  disabled  aircraft 
among  the  pressure  ridges  and  leads  of  the  ice  pack;  and  for  NOAA  and  NSF, 
good  EM  detection  will  be  Important  in  locating  accurately  the  future 
scientific  data  buoys  that  will  be  emplanted  in  the  moving  ice  cover  to 
record  environmental  data. 

In  recognition  of  this  need  in  the  Arctic,  the  Division  of  Marine 
Resources,  the  Department  of  Electrical  Engineering  and  the  Applied  Physics 
Laboratory  are  preparing  a  plan  to  investigate  the  magnitude  of  this 
detection  problem  from  a  technological  standpoint  and  to  develop  naw 
techniques  (signal  processing,  propagation  pattern  modification,  etc.)  to 
increase  the  probability  and  reliability  of  all  weather  target  acquisition. 

The  frequency  range  from  RF  to  IR  would  be  employed  in  this  work  so  that 
adequate  sensor  correlation  can  be  provided  to  assure  an  acceptably  low 
rate  of  false  targets. 

The  investigators  could  simultaneously  address  the  counterpart  to 
detection  at  the  ice  surface — concealment.  This  would  include  a  careful 
study  of  all  known  techniques  for  radiation  suppression.  Different  absorbent 
structural  materials,  insulating  coatings,  target  shapes,  etc.  would  be 
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analyzed  and  tested.  Target  strength  measurements  for  many  target  aspects, 
and  In  a  wide  range  of  Ice  surface  conditions  would  be  conducted  using  the 
equipment  developed  for  detection  enhancement.  The  final  product  of 
research  of  this  type  would  be  a  working  prototype  of  an  airborne  instru¬ 
mentation  suite  together  with  a  set  of  specifications  for  government  pro¬ 
curement;  and  a  manual  of  materials  and  techniques  to  be  used  for  EM  cross- 
section  reduction  or  concealment  on  the  polar  pack. 

E.  Acoustic  Probing  of  the  Arctic  Atmospheric  Boundary  Layer 

The  technique  of  obtaining  information  about  the  atmospheric  boundary 
layer  by  means  of  acoustic  sounders  or  SONAR  has  been  developed  in  the  last 
few  years  and  appears  to  be  very  promising  for  the  study  of  the  boundary 
layer.  It  is  felt  that  this  technique  may  be  particularly  useful  in  the 
Arctic  for  the  following  reasons: 

1.  Sound  absorption  is  relatively  low  at  low  temperatures  because 
the  moisture  content  is  small.  Consequently  higher  frequencies 
may  be  used  giving  better  resolution  of  the  received  signal. 

2.  The  Arctic  pack  ice  forms  a  large  relatively  uniform  surface 
over  which  the  boundary  layer  may  obtain  a  quasi  steady  state 
condition,  which  facilitates  the  testing  of  theoretical  models. 

3.  Over  long  periods  the  boundary  layer  is  stable.  The  structure 
of  the  stable  boundary  layer  is  still  poorly  understood. 

Fairly  complete  profiles  may  provide  significant  new  information 
for  use  in  predicting  significant  meteorological  phenomena. 

4.  In  the  stable  boundary  layer  transitions  from  laminar  to 
turbulent  flow  and  vice  versa  occur.  Consequently  turbulent 
layers  may  be  found  in  a  predominantly  laminar  flow.  It  is 
suggested  that  such  turbulent  layers  are  very  similar  in 
structure  and  formation  to  the  patches  of  clear  air  turbulence 
found  near  the  tropopause  in  temperate  latitudes.  Therefore 
intensive  study  of  the  stable  Arctic  boundary  may  yield  valuable 
insight  into  the  phenomenon  of  clear  air  turbulence.  It  is 
clear  that  acoustic  probing  of  the  boundary  layer  with  a 
rather  simple  (and  inexpensive)  sonar  is  much  less  expensive 
and  more  convenient  than  the  remote  sensing  of  clear  air 
turbulence  near  the  troposphere  with  sophisticated  high 
resolution  radar. 

The  objective  of  research  in  this  area  would  be  to  obtain  good  quality 
wind  information  throughout  the  atmospheric  boundary  layer  to  a  height  of 
about  1  km.  To  do  this  it  would  be  necessary  to  develop  an  acoustic  echo 
sounding  technique  which  provides  quantitative  velocity  profiles,  and, 
subsequently,  to  carry  out  a  thorough  analysis  of  all  atmospheric  data  which 
is  obtained.  The  necessary  theoretical  and  technical  experience  for  this 
exists  in  the  Applied  Physics  Laboratory  and  the  Department  of  Atmospheric 
Science. 
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F.  Acoustic  Determination  of  the  Near  Surface  Structure  of  Permafrost 
and  Sea  Ice 

The  subsurface  structural  analysis  of  permafrost  is  presently  a  very 
difficult  but  necessary  task.  This  is  particularly  applicable  to  the 
problems  associated  with  rapid  Arctic  tactical  troop  deployment  and  to 
the  building  of  structures,  such  as  oil  pipelines,  where  the  subsurface 
must  be  non-destructively  surveyed.  Furthermore,  the  ability  to  characterize 
permafrost  in  3-dimensions  would  be  of  great  value  for  geomorphological 
studies.  Unfortunately,  one  of  the  most  useful  geological  tools,  seismology, 
is  not  applicable  to  this  problem  because  the  acoustic  "time  of  flight"  to 
the  depths  of  interest  (the  first  50  feet)  is  so  short  that  the  desired 
information  is  lost  in  the  explosion  reverberation.  Boundaries  in  the  medium 
may  still  be  located  by  using  acoustic  echo  techniques  involving  short,  well 
defined  source  pulses  of  the  proper  frequency. 

The  Applied  Physics  Laboratory  could  perform  the  experiments  necessary 
to  make  a  reasonable  estimate  of  the  feasibility  of  using  pulse  echo 
techniques  to  measure  the  subsurface  structure  of  permafrost.  This  would 
require  instrumenting  both  ideal  and  undisturbed  permafrost  samples  in 
which  the  physical  constituents  are  to  be  analyzed  and  which  contain  interfaces. 
The  samples  could  be  furnished  by  the  Army  Cold  Regions  Research  and  Engineering 
Laboratory  (CRREL) ,  Hanover,  New  Hampshire  or  the  University  of  Alaska  at 
Fairbanks,  Alaska.  It  is  recognized  that  the  results  of  these  tests  might 
not  resemble  those  from  in-situ  conditions;  therefore,  field  tests  would  be 
carried  out  to  verify  the  results  after  successful  laboratory  feasibility 
demonstration.  Design  criteria  for  instrumentation  would  then  be  prepared. 

IV.  CONCLUSION 

In  view  of  the  significance  of  new  approaches  and  equipment  which  the 
Arctic  Technology  Program  promises  to  offer  the  scientific  community,  we 
believe  this  first  year  of  activity  has  been  both  encouraging  and  productive. 

The  UARS  system  has  been  well  received  generally  and  has  stirred  international 
interest  in  its  potential  hydrographic  applications  in  the  northern  Canadian 
archipelago.  Planning  for  the  spring  of  1973  now  includes  UARS  operation  in 
Greely  Sound,  Ellesmere  Island. 

The  program  clearly  demonstrates  that  ARPA's  interest  in  developing 
advanced  techniques  to  overcome  the  classical  problem  areas  of  Arctic 
research  has  1)  stimulated  new  interest  in  the  polar  regions,  2)  raised  the 
level  of  the  talent  pool  that  is  available  for  future  use  and  3)  set  the 
stage  for  a  quantum  jump  in  the  collection  of  useful  Arctic  data.  Within 
the  program  we  have  also  been  able  to  establish  a  forum  where  the  scientific 
and  technical  disciplines  can  jointly  contribute  new  approaches  to  the 
methodology  of  cold  regions  reasearch. 
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INTRODUCTION' 


As  part  of  the  ARPA- sponsored  Arctic  Technology  Program  at  the  University 
of  Washington,  the  Applied  Physics  Laboratory  has  been  engaged  in  the  develop¬ 
ment  of  an  unmanned,  untethered  submersible  system  for  research  work  under  arc¬ 
tic  ice  and  in  the  marginal  ice  zone-  TTiis  report  summarizes  the  results  of 
the  first  year  of  a  two-year  design,  development,  construction  and  deployment 
program.  In  the  Arctic  Ocean  much  of  the  phenomena  of  operational  importance 
is  close  to  the  sea-ice  interface  and  is  directly  related  to  the  presence  of 
the  ice  canopy.  The  Unmanned  Arctic  Research  Submersible  (UARS)  system  is  be¬ 
ing  developed  to  allow  the  systematic  exploration  of  this  region.  An  artist's 
concept  of  the  vehicle  in  operation,  performing  an  under-ice  profiling  mission 
is  shown  in  Figure  1.1.  The  UARS  vehicle  and  support  equipment  represents  an 
extension  of  a  highly  developed  system  for  open  ocean  research  which  was  per¬ 
fected  by  APL.  This  system,  known  as  the  Self-Propelled  Underwater  Research 
Vehicle  (SPURV) ,  is  now  in  its  fourth  generation  and  is  specifically  config¬ 
ured  to  operate  in  the  deep  ocean  (to  3500  meters)  and  be  recovered  from  the 
open  sea  surface.  The  arctic  vehicle,  on  the  other  hand,  must  perform  in  the 
more  complex  acoustic  environment  of  shallow,  ice-covered  seas  with  a  precision 
that  will  allow  it  to  be  launched  and  recovered  through  a  small  hole  in  the  ice. 

The  first  year  of  effort  lias  been  devoted  to  system  design  and  subsystem 
component  development.  Fabrication  and  testing  will  be  carried  out  during 
the  second  year.  UARS  will  initially  make  measurements  of  the  roughness  and 
contour  of  the  ice  underside.  Somewhat  later  it  will  be  used  as  a  platform 
from  which  tu  study  horizontal  and  vertical  variations  in  temperature  and  sa¬ 
linity,  and  the  acoustic  reverberation  from  the  ice.  This  kind  of  information 
is  extremely  valuable  for  arctic  submarine  operations.  One  goal  of  the  UARS 
system  development  is  to  provide  a  reliable  and  reasonably  economical  means 
of  routinely  gathering  important  arctic  oceanographic  and  acoustic  data.  How¬ 
ever,  this  vehicle  will  be  capable  of  accomplishing  tasks  of  naval  importance 
which  range  far  beyond  the  collection  of  physical  oceanographic  data. 

2.  DEVELOPMENT  PROGRAM 

2.1  PHASE  I  UARS  SYSTEM  DEVELOPMENT,  AND  BRIEF  SYSTEM  DESCRIPTION 

The  first  phase  of  the  UARS  program  has  been  devoted  to  design  and  com¬ 
ponent  development  for  the  full  system.  The  objective  is  to  provide  a  tech¬ 
nological  capability  for  conducting  under-ice  research  with  unmanned, 
untethered  vehicles.  No  such  capability  now  exists.  What  research  is  ac¬ 
complished  from  mobile  platforms  must  be  done  from  nuclear  submarines  which, 
because  of  high  operational  priorities,  are  seldom  available.  When  submar¬ 
ines  are  used  they  must  operate  at  a  "safe"  distance  below  the  ice  which  is 
so  far  removed  from  the  region  of  greatest  oceanographic  and  acoustic  vari¬ 
ation  (near  the  ice  interface)  that  direct  measurements  are  precluded.  The 
UARS  program  goal  is  to  provide  a  more  effective  means  to  accomplish  these 
research  tasks. 

The  UARS  system  design  consists  fundamentally  of  a  torpedo-size  vehicle, 
a  scientific  instrumentation  suite  and  a  supporting  subsystem  for  launching, 
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Figure  1.1.  Unmanned  Arctic  Research  Submersible  (UARS)  Performing  an  Under-Ice  Profiling  Mission 


tracking,  command,  and  recovery.  1'hese  are  described  in  detail  in  Sections 
4  and  5;  however,  a  brief  overview  of  the  component  functions  follows. 

LIARS  is  a  compact  vehicle  which  weighs  approximate ly  1000  lb,  lias  a 
length  of  approximately  10  ft  and  a  diameter  of  10  in.  Oceanographic  mea¬ 
surements  could  be  taken  at  speeds  exceeding  0  knots  but  ice  surface  pro¬ 
filing  will  be  done  at  3  knots.  The  main  batteries  will  supply  up  to  10 
hours  of  run  time.  The  principal  acoustic  components  carried  by  the  vehicle 
are  for  communication,  tracking,  homing  and  collision  avoidance.  The  latter 
is  necessary  because  of  potential  massive  ice  keels  that  could  project  into 
the  path  of  the  oncoming  submersible.  The  initial  instrumentation  suite  of 
LIARS  will  also  feature  acoustic  sensors  incorporated  into  an  ice  profi  ler 
that  are  capable  of  measuring  surface  elevations  to  a  differential  accuracy 
of  0.25  ft. 

For  launching,  the  vehicle  will  be  lowered  by  a  special  sling  through 
a  4  x  12  ft  hole  in  the  ice  and  released  from  a  horizontal  position  at  a 
depth  of  approximately  50  ft.  Special  procedures  have  been  developed  to 
facilitate  making  the  access  hole  in  the  ice. 

Tracking  elements  in  the  system  arc:  (1)  an  array  of  three  or  more  RF- 
telemetering  hydrophones  arranged  in  a  pattern  which  defines  the  experiment 
or  survey  area;  (2)  two  baseline  acoustic  projectors  which  are  normally  lo¬ 
cated  within  the  survey  area  and  provide  coordinate  reference  axes;  (3)  an 
acoustic  source  aboard  UARS;  and  (4)  the  timing  units,  data  processors  and 
power  supply  which  provide  the  basis  for  interpreting  the  acoustic  signals 
and  making  rapid  position  calculations.  The  hydrophones  and  baseline  pro¬ 
jectors  arc  designed  as  free-floating  buoys,  but  can  be  frozen  in  place, 
weather  permitting.  At  the  power  levels  and  frequencies  used  each  hydro¬ 
phone  will  have  an  effective  tracking  range  of  9000  ft.  The  command/ commun¬ 
ication  components  will  utilize  the  same  acoustic  frequency  as  the  tracking 
elements.  Sixteen  command  functions  are  available  for  controlling  UARS. 

For  retrieval,  a  snaring  net  containing  a  homing  beacon  will  be  low¬ 
ered  througli  the  ice  hole  to  the  operating  depth  of  the  submersible  and 
UARS  will  be  commanded  to  seek  the  homing  signal.  Internally  programed 
logic,  an  inertial  and  depth-sensing  guidance  system,  and  the  command/ 
tracking  receivers  provide  UARS  with  retrieval  redundancy.  However,  in 
the  event  of  massive  power  interruption  or  other  catastrophic  failure,  the 
submersible  is  positively  buoyant  and  will  rise  to  the  undersurface  of  the 
ice.  It  then  automatically  lowers  an  acoustic  beacon  to  aid  an  over-the- 
ice  search  party.  A  full  array  of  recovery  tools  will  be  available  for 
such  an  operation. 

To  date,  all  subsystems  (except  those  associated  with  process  control¬ 
ler  hardware  to  be  procured  in  Phase  II)  have  been  designed  and  tested  in 
the  Laboratory.  Some  have  undergone  tests  in  local  waters  and  all  acoustic 
systems  have  been  tested  in  the  arctic  under-ice  environment. 
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2.2  PI  IASI:  [I  FABRICATION,  IT  1ST  AND  DEPLOYMENT 


Phase  II  of  the  IJARS  system  development  will  make  use  of  the  arctic 
working  season  of  March  May  1972  for  field  development  work  and  initial  de¬ 
ployment,  Components  with  long  requisition  lead  times  will  be  purchased 
immediately  after  funding  is  available  so  that  local  submersible  trials  can 
he  completed  before  mounting  the  arctic  activities. 

Twu  submersib les  will  be  fabricated  in  order  to  have  adequate  backup 
components  and  testing  flexibility.  The  initial  UARS  deployment  site  will 
he  chosen  earl>  in  Phase  It  and  will  be  a  deep  water,  central  arctic  site 
at  which  logistic  support  for  research  programs  is  available.  Two  such  sites 
are  under  consideration:  one  is  Fletcher's  Ice  Island,  T-3,  a  permanent  re¬ 
search  camp;  the  other  is  the  AlDdEX  (Arctic  Ice  Dynamics  Joint  Experiment) 
camp  site  which  is  expected  to  be  established  in  the  western  Beaufort  Sea 
during  Mareh-Apri 1  1972.  Since  the  initial  deployment  mission  is  primarily 
aimed  at  completing  the  system  development,  the  assured  logistic  support  and 
camp  permanency  of  T-3  are  part  icularly  desirable.  At  some  later  date,  when 
the  AID.JEX  yea r- around  camp  is  established,  it  is  anticipated  that  research 
with  the  UARS  system  will  complement  that  experiment. 

The  principal  scientific  result  sought  in  Phase  II  is  a  representative 
sample  of  high  resolution  under- ice  profile  data  which  will  be  correctable 
with  surface  topography  measurements  --  the  latter  to  he  made  along  UARS 
traverses  by  a  ground  truth  party  using  conventional  surveying  techniques. 

A  complementary,  cooperative  experiment  is  to  be  established  to  this  end. 

3.  IJARS  SYSTEM  APE  I  It  VI  IONS  AND  CiROIVTi  l  CAPABILITY 

3.1  APPLICATIONS 

l;ol  lowing  initial  arctic  deployment  of  the  submersible  in  Phase  II, 
there  are  several  immediate  applications  for  UARS  which  support  transpor¬ 
tation,  defense,  and  scientific  programs. 

Studies  of  under  ice  topography  have  an  important  bearing  on  establish¬ 
ing  feasibility  of  submarine  transport  operations.  Commercial  feasibility 
depends  upon  navigational  and  ice  avoidance  sonar  systems  which  permit  rea¬ 
sonably  high  speed  operation  in  close  proximity  to  the  ice  and  bottom  in  the 
extensive  marginal  sea  areas  of  the  Arctic.  UARS  can  serve  as  a  mobile  acous¬ 
tic  projector  test  platform  md  the  test  data  can  be  correlated  with  the 
under- ice  topography  measured  by  the  profiler.  Similar  measurements  can  as¬ 
sist  in  the  establishment  of  the  differences  in  ice  reverberation  and  target 
signatures  for  both  search  mar  and  submarine  defensive  systems. 

The  refraction  of  acuusti  beams  by  horizontal  temperature-salinity 
vari  it  ions  can  he  studi  1  from  both  theoretical  and  experimental  viewpoints 
by  combining  element  of  the  UARS  instrumentation  system.  The  temperature- 
salinity  investigations  that  relate  to  horizontal  refraction  of  acoustic 
rays  also  provide  an  element  in  the  study  of  thermal  advection  processes, 
particularly  those  a>soci ated  with  leads.  Information  on  these  processes 
is  vitally  important  to  the  development  of  reliable  ice  forecasting.  In 
this  application,  the  UARS  profiling  and  positioning  system  outputs  provide 
a  means  for  lead  identific  tion  and  determination  of  their  dimensions. 
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In  all  of  the  above  applications,  the  ice  profile  data  obtained  will 
relate  to  questions  and  answers  with  respect  to  ice  movement  due  to  cur¬ 
rents,  establishment  of  diffusion  limits  of  under-ice  oil  spills  and  re¬ 
covery  procedures,  long  range  multi-surface  bounce  acoustic  transmission 
problems,  and  sea  ice  thickness  statistics. 

3.2  GROWTH  CAPABILITY 

UARS  has  been  designed  for  ready  adaptability  to  new  instrumentation, 
hull  configurations,  and  missions.  For  example,  the  present  vehicle  has 
200  pounds  of  unused  payload,  much  of  which  could  be  replaced  with  new  in¬ 
strumentation  -  -  assuming  that  most  instruments  could  be  located  appropriately 
to  maintain  the  required  vehicle  trim  conditions.  Several  ports  are  provided 
for  future  instrumentation  and  the  removable  nose  plate  is  readily  adaptable 
for  mounting  new  sensors. 

The  speed  of  the  vehicle  could  also  be  increased  to  provide  greater 
depth  control  stability  and  maneuverability  --  both  desirable  features  when 
operating  close  to  the  ice.  Increased  endurance  can  be  obtained  by  adding 
a  second  battery  section.  This  section  would  increase  the  vehicle  length 
by  2  ft  and  double  the  battery  capacity  without  appreciably  increasing  body 
drag  or  affecting  control  characteristics. 

Present  plans  are  to  include  salinity  and  temperature  sensors  as  part 
of  the  initial  instrumentation  suite.  Two  internal  data  channels  have  been 
reserved  for  recording  these  sensor  outputs. 

The  UARS  system  is  not  limited  to  small  area  coverage  but  can  make  trav¬ 
erses  of  many  miles  by  using  the  homing  unit  for  primary  guidance.  In  this 
mode,  the  submersible  homing  unit  would  be  locked  onto  successive  beacons 
placed  along  the  desired  track.  One  beacon  at  a  time  would  be  activated, 
and  progressive  sequencing  would  be  accomplished  by  using  range  measurements 
between  the  tracking  projector  on  the  UARS  and  hydrophones  installed  with 
each  beacon.  The  number  of  beacons  required  for  a  given  track  length  would 
be  a  function  of  the  beacon  source  level  and  propagation  path  characteris¬ 
tics.  In  the  central  Arctic  an  inter-beacon  spacing  of  several  miles  can  be 
achieved.  Similarly,  the  UARS  tracking  system  (described  in  Section  4.3) 
need  not  be  constrained  to  employment  on  ice  floes.  The  tracking  elements 
can  be  mounted  on  vehicles  capable  of  operating  over  ice,  for  example,  or  on 
platforms  in  open  arctic  waters. 

4.  THE  OVERALL  SYSTEM 
4.1  GENERAL 

The  UARS  system  consists  of  two  major  elements  --  an  unmanned  submers¬ 
ible  which  serves  as  a  mobile  instrument  carrier,  and  a  remote  tracking, 
guidance,  and  recovery  system.  The  design  maximum  operating  depth  of  the 
submersible  has  been  established  as  1500  ft.  The  initial  design  provides 
for  a  nominal  velocity  of  3  knots. 
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Hie  maximum  operating  depth  of  1500  ft  was  selected  because  it  is  con¬ 
sistent  with  envisioned  experimental  programs  and  because  proven  technology 
for  shell  and  component  design  is  available  for  that  depth.  The  design  ve¬ 
in  c  i  t \  of  5  knots  was  selected  because  a  control  system  designed  for  this 
velocity  could,  with  minor  changes,  be  employed  for  higher  velocities; 
whereas  the  reverse  does  not  necessarily  follow.  This  velocity  also  is 
compatible  with  initial  experiment  objectives. 

Ten  hours  is  thought  to  he  a  reasonable  length  of  run  time,  considering 
both  the  ivailahle  data  recording  capacity  and  human  factors.  A  separate 
reserve  energy  source  will  provide  an  additional  2  hours  operation  at  full 
power  for  emergency  situations. 

Hie  nominal  distance  traveled  by  UARS  in  a  10-honr  run  will  be  50  nau¬ 
tical  miles.  Simulation  studies  have  indicated  that  for  experiments  where 
larger  traverses  are  required,  a  second  battery  section  can  be  added  without 
appreciably  altering  the  control  system  performance  and  only  modestly  reduc¬ 
ing  the  velocit)  This  would  approximately  double  the  endurance  and  range 
of  the  vehicle. 

The  energy  requirements  of  UARS  will  he  satisfied  with  si  Ivor- zinc  sec¬ 
ondary  batteries.  A  14-inch  diameter,  24-inch  pitch  propeller  powered  by  a 
1/4  lip,  pressure  equalized  (flooded)  dc  motor  will  be  used  for  propulsion. 

The  hull  diameter  is  19  inches,  a  dimension  for  which  hull  technology 
is  well  established.  Hie  weight  and  volume  requirements  for  all  subsystem 
components  (propulsion,  energy  source,  control,  field  instrumentation,  data 
recording,  etc.)  and  their  placement  within  the  vehicle  resulted  in  a  final 
submersible  length  of  ~118  incites  and  a  displacement  of  15.5  cubic  feet  or 
approximately  1000  lb.  The  design  provides  a  buoyancy  reserve  of  200  lb  for 
addi t ion a  1  i ns t  rumen tat  ion. 

The  view  of  UARS  in  Figure  4.1  shows  the  location  of  the  components 
that  are  described  in  the  following  sections.  The  snbmcrs ib lc  itself  is 
described  in  greater  detail  in  Section  5. 

4.2  UARS  PROFILING  SYSTliM 

An  immediate  objective  of  the  first  phase  of  the  UARS  program  was  the 
development  of  a  system  to  accurately  profile  the  ice  underside.  This  will 
be  accomplished  by  measuring  the  elevation  of  the  ice  surface  above  the  ve¬ 
hicle  at  regular  intervals.  Our  performance  goal  is  to  establish  these 
elevations  to  a  differential  accuracy  of  0.25  ft  and  to  identify  the  cor¬ 
responding  plan  view  coordinates  (derived  from  tracking  information)  to  a 
repeatable  accuracy  of  1  ft  and  a  differential  accuracy  of  0.5  ft.  The  data 
rate  will  allow  the  elevation  measurements  to  be  made  at  about  1-ft  intervals 
in  the  direction  of  UARS  motion. 

The  profiler  receiving  transducer  is  a  spherical,  two- component  acoustic 
lens,  with  15  transducers  located  in  the  focal  surface,  l-igure  4.2  shows  the 
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Figure  4.2.  Directivity  Pattern  of  Multiple-Beam 
Transducer-Lens  System 
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resulting  directivity  patterns  of  the  individual  transducers.  1'lie  individual 
beam  width  or  the  half  power  points  (-5  d!i)  are  about  1°  wide  at  the  500  Ml: 
operating  frequency.  In  operation,  the  profile  transmitter  transducer,  which 
is  located  just  forward  of  the  multi  beam  receiver  transducer  (see  Figure  4.1), 
is  pulsed  and  the  reflected  signal  in  the  direction  of  the  receiving  beams  is 
detected.  The  overall  transit  time  provides  a  measurement  of  slant  range. 

Tiie  "fan"  of  multiple  beams  is  oriented  perpendicular  to  the  direction  of  mo¬ 
tion  of  the  vehicle.  The  capacity  of  the  recorder  limits  the  useful  reception 
to  any  three  of  these  beams;  selection  of  the  appropriate  three  can  he  made  in 
the  field.  Normally,  the  submersible  will  operate  about  50  to  <50  ft  below  the 
ice.  At  that  depth  the  insonified  area  associated  with  the  reflected  signal 
is  about  1  square  foot.  At  a  vehicle  speed  of  5  knots  and  the  five  data  sets 
per  second  recording  rate,  this  provides  essentially  continuous  surface  samplin 

The  geometry  of  the  measurement  is  shown  in  I  i gure  4.5.  The  elevations 
2bi»  2jj2»  ...  represent  successive  measurements  of  ice  elevation  from  lens 


Figure  4.5.  Measurement  Geometry  of  UARS  Profiling  System 
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transducer  element  b.  is  determined  l>>  combining  the  depth  of  the  vehicle 
(sensed  1»>  in  internal  pressure  device)  with  the  slant  range  D^,  and  correct¬ 
ing  the  measurement  for  vehicle  roll,  pitch  and  yaw.  In  order  to  determine 
corresponding  values  of  V,  and  Vt> ,  corrections  must  also  be  applied  to  the 
X-Y  coordinates  of  the  vehicle  tracking  transducer  to  account  for  beam  angle, 
vehicle  roll,  pile  and  direction  of  advance.  The  UARS  data  system  records 
roll,  pitch,  1>j,  bc,  depth,  and  time  for  later  correlation  with  synchro¬ 
nized  external  1>  eased  and  recorded  X-Y  coordinates  of  the  vehicle.  All 
data  recorded  within  the  vehicle  is  stored  in  binary  form.  The  resolution 
of  Ziq,  2^,,  ...  i  approximately  0.3  ft,  based  upon  combined  quant iti zing 
1  i  mi  t  s  . 

1.3  TRACK  INC,  COMMAND  V.DKII.AIU)  1  NT TRACT  1  NO  SY  ST1.MS 
1.3.1  Ol'l  RAI  10NA1.  Rl.  U I  RI.MI  A  I  S 


Hie  UARS  system  ha  been  designed  to  satisfy  the  following  special 
operational  constraints  imposed  In  the  Arctic: 

(1)  Hie  vehicle  must  be  launched  and  recovered  1 rorn  a  hole  in  the 
i  ce . 

I J )  It  must  operate  in  close  proximity  to  the  ice  undersurface. 

(3)  It  must  have  an  accurate  and  reliable  tracking  system  to 

enable  the  data  to  be  spatially  correlated  and  to  prevent 
loss  beneath  the  ice  canopy. 

(•It  It  must  accept  control  commands  from  the  experiment  controller 
so  that  anomalies  in  the  data  can  be  investigated  more  thoroughly 

as  they  occur. 

(SI  Real-time  data  transmission  to  the  surface  command  console  must 
be  provided. 

(hi)  Hie  vehicle  must  be  recoverable  with  a  high  degree  of  reliability 
ami  minimum  personnel  risk, 

(7)  Immediate  field  reduction  of  the  data  from  a  run  must  be  possible 
to  assist  in  planning  subsequent  measurements  and  to  permit 
thorough  investigation  of  anomalous  results. 

The  UARS  system  design  innovations  which  were  developed  to  meet  these 
special  cons i derat i ons  are  detailed  below. 

I.3.:  launch ixc,  Kiicovmo  \.\d  obstu.u:  woidancl 

The  submersible  is  designed  for  launch  and  recovery  through  a  rectangu¬ 
lar  hole  (about  1  x  1 2  ft  cut  in  the  ice.  After  the  initial  instructions 
ire  set  into  the  vehicle  and  its  internal  systems  arc  operating  properly,  it 
is  lowered  into  the  vat or  to  a  depth  of  30  or  40  ft  below  the  ice,  using  a 
Launching  sling.  \coustic  communication  and  tracking  signals  are  then  estab¬ 
lished.  The  propulsion  motor  is  started  and  the  launching  sling  released. 
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Since  UARS  normally  carries  a  slight  positive  buoyancy,  it  will  rise  slowl\ 
as  it  gains  forward  velocity  until  the  speed  is  sufficient  to  bring  it  under 
full  control  of  the  depth  keeping  system.  Thereafter,  it  will  follow  a  preset 
depth  program. 

Recovery  of  the  vehicle  is  illustrated  in  figure  4.4.  The  basic  technique 
is  to  lure  the  vehicle  back  to  the  recovery  hole  by  means  of  an  acoustic  hom¬ 
ing  system  installed  in  the  vehicle.  This  system  responds  to  a  particular 
signal  that  is  transmitted  from  a  homing  beacon  centered  in  the  capture  net. 
The  final  phase  of  homing  is  conducted  at  a  preset  depth  so  that  it  is  neces¬ 
sary  to  steer  in  azimuth  only,  the  net  being  set  at  the  terminal  homing  depth. 
A  capture  probe  mounted  in  the  nose  of  UARS  is  firmly  meshed  with  the  net  upon 
contact.  The  motor  is  then  commanded  "off",  the  net  and  vehicle  are  raised  to 
the  surface,  and  UARS  is  hoisted  clear  of  the  water. 
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figure  4.4.  UARS  Recovery  System 
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I  lie  homing  system  employs  two  closely  spaced  hydrophones  whose  outputs 
are  filtered  for  response  at  the  beacon  frequency  and  phase  compared  to  gen¬ 
erate  azimuthal  steering  orders.  Reflection  of  the  beacon  signal  from  the 
ice  undersurface  can  cause  ambiguous  phase  relationships  so  the  homing  system 
includes  an  interlocking  set  of  logic  which  must  be  satisfied  in  order  to 
cause  homing  on  the  direct  path  pulse  only.  A  simplified  flow  diagram  which 
describes  the  logic  chain  is  shown  in  f  igure  4.5.  In  addition  to  the  bearing 
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figure  4.5.  Simplified  flow  Diagram  of  Homing  Receiver  for  UARS 
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measuring  transducers,  a  sensing  hydrophone  mounted  on  the  aft  cylindrical 
section  of  the  vehicle  is  employed.  The  logic  chain  requires  that  the  pulse 
sensed  at  the  steering  hydrophones  precede  the  pulse  detected  at  the  sensing 
hydrophone  by  a  fixed  time  (0.8  msec)  which  ensures  that  the  detected  signal 
is  in  the  forward  sector,  ±45°  with  respect  to  the  vehicle  axis.  The  logic 
rejects  any  rate  of  change  of  the  detected  phase  imbalance  between  the  steer¬ 
ing  hydrophones  which  exceeds  the  maximum  valid  vehicle  bearing  rates  with 
respect  to  the  fixed  target  beacon.  Other  requirements  ensure  that  the  de¬ 
tected  signal  has  the  character  of  the  transmitted  signal.  These  features 
are  necessary  to  overcome  interference  effects  noted  in  tests  of  the  basic 
phase  detector  system  during  under-ice  tests  in  the  arctic.  Previous  tests 
in  Puget  Sound  during  the  winter,  when  the  vertical  sound  velocity  profile 
allowed  long  direct  path  acoustic  propagation,  utilized  the  same  acoustic 
system  but  with  a  much  simpler  logic.  Signals  in  excess  of  steering  thresh¬ 
old  requirements  were  obtained  at  ranges  greater  than  3  miles  when  using  an 
80  dB  CIV  beacon  (28  kHz).  During  the  arctic  tests  discussed  in  Section  0.8.3 
an  operating  range  of  2  miles  was  achieved  with  the  same  equipment.  The  dif¬ 
ference  in  range  is  almost  exactly  accounted  for  by  greater  absorption  losses 
associated  with  the  lower  water  temperatures  in  the  arctic  tests. 

To  avoid  collision  with  deep  pressure  ridge  keels,  the  vehicle  is 
equipped  with  an  obstacle  avoidance  sonar.  This  system  operates  nt  a  fre¬ 
quency  of  360  kHz ,  employing  a  200  psec  pulse  which  is  about  1  ft  long. 

Pulse  length  broadening,  an  expected  characteristic  of  the  return  from  the 
ridge  keels,  will  be  used  for  pulse  validation.  This  will  allow  easy  re¬ 
jection  of  fish  echoes.  The  high  attenuation  at  this  frequency  allows  a 
high  pulse  repetition  rate  (five  pulses  per  second)  so  that  obstacle  avoid¬ 
ance  logic  can  be  based  on  receipt  of  multiple  valid  returns.  The  sonar 
beam  is  axially  directed  and  is  of  sufficient  width  to  encompass  normal  pitch 
oscillations  and  trim  conditions  of  UAHS.  When  an  obstacle  is  detected,  the 
vehicle  dives  to  a  deeper  preprogrammed  depth.  After  the  obstacle  is  passed, 
the  vehicle  can  be  commanded  to  return  to  the  original  depth  if  desired. 

4.3.3  ACOUSTIC  TRACKING 

A  plan  view  of  a  typical  tracking  area  arrangement  is  shown  in  figure 
4.6.  Four  hydrophones  (labeled  if  in  the  figure)  will  be  installed  through 
holes  in  the  ice  in  a  square  arrangement  6000  ft  on  a  side.  Two  baseline 
transducers  (labeled  T)  would  be  located  about  2000  ft  apart  in  the  center 
of  the  square.  The  origin  of  the  tracking  coordinate  system  and  the  direc¬ 
tion  of  the  coordinate  axes  are  determined  arbitrarily  by  the  location  of  the 
baseline  transducers.  The  general  geometry  of  the  tracking  and  command/com¬ 
munication  system  arrangement  is  shown  in  Figure  4.7.  At  fixed  time  inter¬ 
vals  of  2  seconds,  an  acoustic  pulse  is  transmitted  from  UARS.  At  the  same 
time,  a  pulse  is  transmitted  from  one  baseline  transducer.  The  pulses  trans¬ 
mitted  by  the  baseline  transducer  and  the  submersible  are  received  at  hydro¬ 
phones  and  relayed  by  radio  to  the  control  building  where  they  are  entered 
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Figure  4.6.  UARS  Tracking  System  Arrangement 
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Figure  4.7.  Tracking  and  Command/ Comniuni cation  System  Conceptual  Layout 


into  the  tracking  and  data  acquisition  system.  The  transit  time  of  the 
acoustic  pulses  between  the  baseline  transducers  is  also  monitored  at  the 
control  building.  The  command  transducer  is  suspended  through  the  ice  in 
the  control  building  and  is  at  roughly  the  same  depth  as  the  hydrophones. 

The  hydrophone  assembly  is  shown  in  Figure  4.8.  The  hydrophone  itself 
is  suspended  on  a  cable  from  a  buoyant  container  which  houses  an  acoustic 
receiver  and  RF  telemetry  system.  The  batteries  which  power  the  hydrophones 
are  located  in  the  sea  water  to  maintain  a  constant  relatively  warm  temper¬ 
ature.  They  can  be  recharged  from  the  surface.  The  four  hydrophones  are 
suspended  at  preselected,  known  depths  of  250-500  ft  below  the  ice  to  re¬ 
duce  signal  interference.  Interference  of  direct  and  reflected  signals  is 
discussed  in  the  next  section. 

The  baseline  transducer  structure  is  presented  in  Figure  4.9.  Each 
transducer  is  mounted  on  the  rigid  vertical  beam  of  a  buoy  frozen  into  the 
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Figure  4.8.  Tracking  Hydrophone  Buoy 
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jiack  ice.  \  coaxial  cable  connects  each  baseline  transducer  to  the  control 
building.  The  reference  baseline  is  taken  as  the  acoustically  measured  dis¬ 
tance  between  the  two  transducers.  To  achieve  a  reliable,  direct  acoustic 
path  between  these  two  transducers ,  they  are  mounted  SO  ft  below  the  ice. 

In  the  LIARS  acoustic  tracking  system,  a  common  time  base  is  established 
by  synchronizing  very  stable  clocks  at  the  control  building  and  within  the 
submersible.  Ml  on-vehicle  recorded  data  is  referred  to  the  clock  in  the 
submersible,  and  all  externally  recorded  data  is  referred  to  the  clock  in 
t he  control  building.  During  operational  tracking,  the  vehicle  projector 
emits  an  acoustic  pulse  every  2  seconds  and  slant  ranges  to  the  hydrophones 
arc  determined  from  velocity-time  calculations.  The  hydrophone  positions 
are  continuously  measured  acoustically  with  respect  to  the  transducer  base¬ 
line  so  that  the  frame  of  reference  is  always  current.  Periodic  measurement 
and  correction  of  the  sound  velocity  profile  will  also  be  made  to  assure  the 
required  tracking  accuracy.  An  analysis  of  time  series  oceanographic  data 
taken  at  T-3  during  the  past  year  indicates  that  a  biweekly  updating  of  the 
profi lc  should  be  adequate  for  this  purpose. 

4.3.4  COMMUNICATION 

In  order  to  control  the  UARS  accurately  and  to  ensure  its  reliable  re¬ 
covery,  an  acoustic  communication  link  with  the  vehicle  is  employed.  The 
system  utilizes  a  common  frequency  for  command,  tracking,  and  vehicle  data 
transmission.  When  operating  acoustic  telemetry  near  an  interface  such  as 
the  ice-water  boundary,  one  of  the  principal  problems  is  that  a  signal  re¬ 
flected  from  the  boundary  may  be  superimposed  upon  the  direct  path  transmis¬ 
sion  and  interfere  with  the  information  content.  There  are  several  techniques 
available  to  minimize  this  problem;  however,  the  direct  approach,  the  one  we 
have  taken,  is  to  provide  a  geometry  and  pulse  length  which  preclude  the 
overlap.  In  tin  isovelocity  medium,  the  maximum  length  pulse  that  can  be 
received  free  from  interference  is  approximately 


where  hi  and  h 2  are  the  depths  of  the  acoustic  elements  below  the  reflecting 
plane,  and  U  is  the  horizontal  separation.  One  of  the  acoustic  elements 
(UARS  projector)  is  normally  50  ft  below  the  ice.  At  a  range  of  6000  ft, 

;ind  with  the  other  acoustic  element  about  500  ft  deep,  there  is  a  1.8  msec 
time  difference  between  direct  and  reflected  paths.  Correcting  this  example 
for  the  actual  sound  velocity  structure  in  the  central  Arctic  (as  measured 
at  T-3  during  Jan-May  1970)  one  finds  a  depth  of  about  300  ft  will  provide 
the  same  clear  pulse  time. 

It  was  determined  that  the  minimum  data  transmission  requirements  would 
be  satisfied  by  a  10  bit  code.  Various  keying  options,  their  bandwidth  con¬ 
straints  and  acoustic  system  interactions  were  considered  before  deciding  to 
employ  a  .single  frequency,  100°u  phase  modulated  (180°  phase  reversal)  code. 
Transmission  experiments  using  water  paths  in  excess  of  1  mile  established 
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that  a  minimum  of  five  cycles  of  the  carrier  was  necessar>  to  reliably  es¬ 
tablish  phase  reversal  at  modest  signal -to-noisc  ratios.  At  the  selected 
frequency  of  50  kllz,  a  10  bit  code  with  five  cycles  defining  a  bit  will  re¬ 
quire  a  1  msec  pulse.  for  practical  communi cati on,  three  additional  bits 
are  required  for  pulse  recognition  and  phase  locking  and  one  for  parity. 

The  required  overall  pulse  length  is  1.4  msec.  Assuming  that  the  submers¬ 
ible  would  be  traveling  at  a  depth  of  50  ft,  a  hydrophone  deptli  of  about 
250  ft  should  be  adequate  to  prevent  pulse  overlap. 

The  code  structure  is  shown  in  Figure  4.10.  The  upper  band  represents 
the  format  of  the  command  code,  while  the  lower  band  represents  all  other 
codes.  The  first  three  bits  of  each  code  format  are  used  for  pulse  recog¬ 
nition  and  receiver  phase  locking.  The  next  two  bits,  00,  identify  a  com¬ 
mand  message  to  the  vehicle.  The  type  of  command  is  specified  in  the  next 
four  bits,  and  the  magnitude  of  the  command  by  the  four  "count"  bits.  The 
parity  bit  validates  the  message.  lor  example,  the  four  "command"  bits  ma> 
identify  any  of  16  functions  such  as  "change  of  course  to  port"  and  the  four 
"count"  bits  may  identify  any  of  16  preselected  angular  increments.  The  othc 
codes  may  include  data  messages  from  LIARS' s  acknowledgment  of  commands,  or  re 
ports  on  system  performance.  Projectors  other  than  the  baseline  transducers 
may  also  be  employed  for  some  system  applications.  A  Bottom  Navigation  Buoy 
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(BONABUOY )  could  be  used,  for  example,  for  measuring  pack  ice  drift  over  the 
bottom.  The  codes  for  identifying  the  baseline  and  hydrophone  location  sig¬ 
nals  are  shown  at  the  bottom  of  Figure  4.10.  The  structure  of  each  identifi¬ 
cation  code  is  such  that  pulse  identification  at  any  receiver  is  relatively 
s  i  mp le . 

4.5.5  TRACKING  AND  DATA  ACQUISITION  SYSTEM  PROCESSOR 

A  block  diagram  of  the  tracking  and  data  acquisition  system  is  shown 
in  Figure  4.11.  The  acoustic  signals  received  at  the  four  hydrophones  are 
recognized,  processed,  and  transmitted  along  with  hydrophone  identification 
by  radio  link  to  the  control  building.  A  signal  processor  recognizes  the 
identification  code,  strobes  the  time  input  from  the  master  timer,  and  shifts 
the  data  to  an  interface  unit  which  buffers  the  information  until  it  can  be 
acted  upon  by  the  process  controller.  The  process  controller  reviews  the  in¬ 
put  data  from  each  hydrophone  for  consistency.  In  case  of  disagreement,  data 
from  the  hydrophone  nearest  the  vehicle  is  used  in  any  processing  required 
for  vehicle  control.  The  pulse  time  and  the  edited  data  are  stored  on  mag¬ 
netic  tape.  The  process  controller  also  performs  the  arithmetic  operations 
necessary  to  determine  the  UARS  position  corresponding  to  the  received  data 
set.  The  process  controller  also  regulates  the  pulsing  of  the  baseline  trans¬ 
mitters.  The  arrival  time  of  the  baseline  signal  pulse  along  with  known  hy¬ 
drophone  and  baseline  transducer  depths  and  the  effective  sound  velocity  are 
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Figure  4.11.  Tracking  and  Data  Acquisition  System 
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used  by  the  process  controller  to  determine  tiie  locutions  of  the  four  hydro¬ 
phones.  The  separation  dist;uice  between  the  baseline  transducers  is  expected 
to  be  quite  stable.  However,  t he  acoustic  transit  time  between  the  two  ele¬ 
ments  is  monitored  on  eacli  transmission  with  a  time  interval  counter  If  the 
distance  changes  during  a  vehicle  run,  this  will  be  indicated  by  a  change  in 
acoustic  transit  time  and  the  new  baseline  time  (or  distance)  would  then  bo 
provided  to  the  tracking  system  by  means  of  a  keyboard  entry. 

The  acoustic  data  from  LIARS  includes  the  operating  depth  (transmitted 
periodically  or  whenever  there  is  a "status"  change)  and  the  nominal  distance 
to  the  ice  undersurface  measured  by  t lie  middle  beam  of  t he  profiler.  This 
approximate  elevation  of  the  ice  underside  and  the  corresponding  position 
and  time  is  output  by  the  process  controller  to  a  small  line  printer  and  a 
position  plotter.  Inspection  of  this  output  provides  the  necessary  control 
information  to  the  experimenter. 

Commands  to  the  I  JARS  are  sent  via  the  command  projector  (see  figure 
4.7)  suspended  below  the  control  building.  A  multiple-switch  control  code 
generator  is  available  to  the  experiment  controller  to  generate  the  desired 
command.  The  command  transmission  time  is  controlled  by  the  process  con¬ 
troller  so  that  signal  overlap  at  the  vehicle  is  avoided.  Mien  (JARS  receives 
a  command,  it  is  acknowledged  with  a  "status"  report  as  provided  for  in  the 
code  structure  (see  Figure  4.10).  This  acknowledgment  is  listed  on  the 
printer  output. 

After  completing  the  run,  t he  (JARS  internal  recording,  which  is  in  dig¬ 
ital  binary  format,  is  first  scanned  to  detect  anomalies  in  the  data  or  ve¬ 
hicle  performance.  The  scanner  system  consists  of  a  tape  reader  compatible 
with  the  UARS  tape  system,  a  digital-to- analog  converter,  and  a  multi-channel 
strip  chart  for  analog  data  output.  The  correlated  data  output  presented  in 
this  manner  provides  an  indispensable  tool  for  field  maintenance  and  system 
trouble  shooting  as  well. 

After  data  scanning,  the  vehicle  tape  record  is  transferred  to  standard 
computer  tape  and  reformated.  The  vehicle  data  is  highly  compressed  in  order 
to  maximize  the  total  number  of  bits;  to  bring  to  standard  format,  additional 
gaps  have  to  be  created  to  allow  word  separation.  Th  final  output  of  all 
field  data  then  will  be  in  a  tape  format  which  can  be  directly  operated  upon 
by  a  standard  computer. 

After  a  run,  the  vehicle  data  and  the  timing  data  (tracking)  exist  on 
two  separate  tapes.  If  another  tape  unit  were  available,  the  data  could  be 
merged  (on  one  tape)  i n  the  field  and  a  significant  amount  of  data  analysis 
accomplished.  For  extended  deployment  periods,  this  capability  should  defi¬ 
nitely  be  available.  It  is  not  absolutely  necessary  for  the  initial  deployment 
of  the  UARS  system. 
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Reliable  operation  of  the  LJARS  is  achieved  by  careful  component  selec¬ 
tion,  system  design,  and  redundancy,  lor  example,  the  main  battery  and  the 
reserve  battery  when  connected  in  parallel  arc  diode  blocked  to  prevent  dis¬ 
charge  of  the  reserve  into  the  main  battery.  This  arrangement  allows  full 
use  of  all  available  stored  energy  in  an  emergency. 

The  high  probability  of  recovery  in  the  event  of  a  subsystem  failure 
is  ensured  by  providing  a  combination  of  built-in  logic,  operator  command 
options,  homing  technique  alternatives,  and  practical  recovery  options  should 
the  vehicle  come  up  under  the  ice. 

The  ability  to  maintain  acoustic  communication  with  the  UARS  is  a  fund¬ 
amental  requirement  for  recovery  by  the  normal  method  (acoustic  homing  into 
the  capture  net).  The  vehicle  is  not  released  from  its  launching  sling  until 
the  propulsion  motor  is  operating,,  tracking  is  established,  and  the  acoustic 
command  link  is  operative. 

If  the  vehicle  tracking  signal  is  lost  near  the  extremities  of  the 
tracking  area,  the  operator  will  command  a  vehicle  course  reversal  to  re¬ 
turn  it  to  the  area  of  stronger  tracking  signal  strength.  If  the  UARS  fails 
to  receive  a  command  communication  from  the  controller  for  a  period  exceed¬ 
ing  5  minutes,  the  vehicle  course  is  automatically  reversed  and  an  alert 
code  transmitted  to  the  controller.  The  UARS  is  programed  to  remain  on  this 
course  for  10  minutes.  During  this  period,  if  communication  with  the  con¬ 
troller  is  again  established  the  run  can  be  continued  normally.  If  this  docs 
not  occur,  the  logic  will  send  the  UARS  down  to  a  deep  preset  depth,  cause 
the  vehicle  to  circle  in  a  spiral  of  increasing  radius,  and  activate  the 
homing  system.  The  experiment  controller  will  turn  on  the  homing  beacon 
whenever  he  fails  to  receive  tracking  communication  signals  from  the  UARS, 
or  when  he  secs  uncommanded  course  changes  in  the  vehicle  which  result  from 
internal  logic  decisions,  or  when  the  communication  code  from  UARS  fails  to 
acknowledge  receipt  of  a  command.  After  a  1-hour  spiral  search  without  bea¬ 
con  acquisition,  the  propulsion  and  all  other  internal  systems  except  the 
tracking  transmitter  are  shut  down.  Thereafter,  the  vehicle  will  rise  to 
the  ice  underside  because  of  its  slight  positive  buoyancy.  If  the  tracking 
information  is  being  received  by  the  hydrophones,  the  vehicle  coordinates 
can  be  determined  and  emergency  recovery  procedures  initiated. 

if  the  homing  system  fails,  but  the  tracking  and  communication  systems 
are  operable,  the  operator  can  command  the  vehicle  back  to  the  recovery  hole 
and  attempt  to  strike  the  capture  net  with  a  combination  of  tracking  data 
and  visual  observations. 

If  UARS  dives  below  the  maximum  preset  limit,  the  propulsion  motor  is 
automatically  turned  off  to  prevent  the  possibility  of  hull  collapse.  Power 
is  returned  when  the  vehicle  rises  above  the  depth  limit.  The  operator  can 
attempt  to  correct  the  condition  by  commanding  a  different  depth.  If  that 
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fails,  an  attempt  can  be  made  to  steer  the  U \kS  to  the  desired  recovery  area, 
although  progress  may  be  quite  slow  because  of  the  on-off  motor  operation. 

4.4.2  EMERGENCY  RECOVERY 


In  the  event  that  a  failure  results  in  propulsion  power  shut-off,  the 
vehicle  will  float  up  to  the  undersurface  of  the  ice  unless  water  leakage 
into  the  vehicle  was  the  cause  of  failure.  In  the  latter  case,  t lie  vehicle 
will  sink  and  be  lost  since  no  reasonable  recovery  technique  exists. 

Vehicle  location  is  the  basic  problem  in  emergency  recover}’.  Installed 
in  the  afterbody  of  the  UARS  will  be  a  recovery  pingcr  and  dye  marker  system. 
The  pingcr  operates  from  self-contained  batteries  and  is  turned  on  upon  im¬ 
mersion  in  water.  It  is  secured  in  place  with  a  soluble  link  which  will  re¬ 
lease  after  14  hours  submergence  and  allow  t he  pinger  to  drop  several  hundred 
feet  below  the  vehicle  on  a  line  tether  to  achieve  a  move  reliable  acoustic 
path  for  detection.  The  same  soluble  link  will  also  release  the  dye  marker. 

The  location  of  the  pinger  will  be  established  by  tri angulation.  Sev¬ 
eral  holes  will  be  drilled  through  the  ice  with  an  ice  auger  and  a  directional 
hydrophone  receiver  will  be  used  to  establish  the  direction  to  the  pinger.  An 
accuracy  in  the  vehicle  position  of  better  than  SO  ft  should  be  achievable 
with  three  or  four  observations.  Locating  the  vehicle  by  this  process  may  be 
time  consuming,  therefore  the  pinger  is  designed  to  operate  for  about  21  days. 

After  the  vehicle  has  been  located,  a  2  to  3- foot  minimum  diameter  hole 
will  be  cut  through  the  ice.  A  diver,  tethered  to  the  surface,  will  locate 
the  vehicle  and  attach  a  lifting  line  to  a  nose  hook.  A  small  weight  will 
be  attached  to  the  tail  so  that  the  vehicle  hangs  nose  up  at  t lie  recover}’ 
hole.  Man  power  can  be  used  to  bring  the  UARS  to  the  surface,  but  a  hoist 
will  be  used  to  lift  the  vehicle  free  of  the  water  and  load  it  on  a  sled  for 
transportation  back  to  the  hydrohole  hut.  ihe  hoist  normally  at  the  hydrohole 
will  be  used  for  this  operation. 

A  variation  of  this  procedure  is  applicable  if  the  UARS  position  under 
the  ice  can  be  determined  from  its  acoustic  tracking  projector  which  should 
continue  to  operate  until  battery  exhaustion.  Ihe  tracking  signal  can  be 
used  for  location,  similar  to  the  pinger  system  described  above.  A  trial 
hole  will  be  drilled  in  the  vicinity  and  a  tracking  projector  lowered  through 
the  hole  and  its  coordinates  determined  acoustically.  Irom  the  locations  of 
two  or  more  such  holes,  the  relative  position  of  the  UARS  can  be  established 
within  a  few  feet  before  making  the  recovery  hole. 

A  technique  for  making  launch  and  emergency  recovery  hydroholes,  as  well 
as  for  coring  out  instrumentation  frozen  into  the  ice,  has  been  developed  and 
tested  in  the  arctic  environment.  This  technique  is  discussed  in  section  6.1. 


APL-1JW  "108  f\  -23 


5. 


DUSKIN'  OF  Till  UNMANNED  KRCTIC  RliSUARCU  SUBMHRS 1  Bid  fUARS) 


5.1  r,l:.Nl  RA1, 


Hi c  general  design  chnracteri  st  i  cs  t'o i*  the  IJiimaim  d  Arctic  Research  Sub 
mei’sible  (UARS)  are  given  in  Table  5.1.  Ihe  bases  1’ol  these  design  values 
are  discussed  in'  the  following  sections  which  describe  the  hull  design  and 
the  various  componen  systems  of  the  vehicle. 

Tl'Dlc  5.1.  UARS  Design  Speci  fi  cat1  i  ons 


MAXIMUM  OPERATING  DEPTH 
SPEED 

DISPLACEMENT 

OVERALL  LENGTH 

DIAMETER 

PROPULSION 

POWFR  SOURCES 
MAIN  BATTERY 
RESERVE  BATTERY 

ENDURANCE 

(based  on  estimated  load  of  10  A 
for  orooulsion  motor  and  15  A 
for  instrumentation  and  control 

systems) 

OPERATIONAL  NET  BUOYANCY 


1500  FT 
3  KNOTS 
APPROX.  1000  LB 
APPROX.  10  FT 
19  INCHES 

(PRESSURE  EQUALIZED)  1/4  HP  DC  MOTOR 

SILVER-ZINC.  260  A-h  AT  24  VOLTS 
SILVER-ZINC,  60  A-h  AT  24  VOLTS 

12  HR  MAXIMUM 


+10  LB 


Occasional  reference  will  be  made  to  the  Self-Propelled  Underwater  Re¬ 
search  Vehicle  ISPURYJ  described  in  Ref.  1.  These  vehicles  (two  are  in  use) 
were  designed  and  built  by  APL  for  deep  ocean  research  and  are  major  compo¬ 
nents  in  the  oceanographic  research  program  presently  being  conducted  by  this 
Laboratory.  While  use  is  made  of  the  technology  developed  in  the  design  of 
SPURY,  the  arctic  submersible  is  specifically  designed  for  under- ice  opera¬ 
tions  and  is  [iot  merely  a  reconfiguration  of  Sl’lJRV.  Major  design  differences 
exist  in  nearly  all  components  because  of  the  different  operational  goals, 
depth  requi remen ts ,  environmental  conditions,  recovery  techniques,  tracking 
«nd  command  systems*  and  fail-safe  techniques. 

5 .  PRPSSURP  IIIJ1I  DUS  PUN  AND  COMPOMliNT  LAY01J1 

figure  5.1  is  a  cross-sectional  view  of  the  vehicle  with  the  major  hull 
design  features  nid  component  layout.  Some  blocks  indicate  envelope  volumes 
of  the  particular  component  rather  than  a  pictorial  view. 
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The  pressure  hull  is  designed  for  a  maximum  operating  depth  of  1500  ft 
with  a  calculated  crush  depth  of  2800  ft.  In  the  design  of  pressure  hulls, 
internal  volume,  shape,  construction  material,  depth  capability,  weight  and 
payload  capability  are  factors  involved  in  a  trade-off  analysis.  In  this 
case,  the  hull  sice  was  determined  principally  by  the  space  requirements  of 
the  components  to  be  carried  in  the  hull.  A  cylindrical  hull  shape  was  used 
to  obtain  a  re  1 at i ve 1 >  high  pressure  capability  with  a  low  drag  profile.  The 
material  selection  (aluminum  and  Fibcrglas),  fabrication  techniques,  and  joint 
design  between  sections  arc  based  on  previous  hull  design  of  proven  depth  cap¬ 
ability.  \  payload  requirement  was  determined  on  the  basis  of  known  component 
weights  for  power,  propulsion,  vehicle  control,  and  presently  planned  instru¬ 
mentation  --  with  an  allowance  made  for  future  instrumentation  growth. 

The  vehicle  comprises  five  small  sections:  a  pressure  hull  consisting 
of  four  sections,  and  a  flooded  tailcone  section.  The  vehicle  can  be  broken 
down  into  individual  sections  for  shipment  to  and  from  the  test  site.  The 
size  and  weight  of  each  section  is  compatible  with  light  aircraft  transport 
capabi li tv . 


The  sections  containing  transducer  penetrations,  the  joint  rings  and  all 
ribs  will  be  made  of  bOol-Tb  aluminum.  The  shells  of  the  two  sections  aft  of 
the  nose  section  and  a  large  portion  of  the  tailcone  will  be  made  of  filament- 
wound  reinforced  plastic. 

The  battery  section  is  located  forward  of  the  vehicle  center  of  gravity 
to  counteract  the  large  "nose  up"  pitching  moment  from  the  free  flooded  after¬ 
body.  Ballast  below  the  center  of  buoyancy  will  counteract  the  torque  of  the 
propulsion  motor. 

The  tracking  transmitter  transducer  is  located  directly  below  the  pro¬ 
filer  multibeam  transducer- lens  array  so  that  the  tracking  positions  can  be 
easily  correlated  with  the  profiler  data.  An  alternate  location  for  the  com¬ 
mand  receiver  transducer  (hydrophone)  is  included  in  the  nose  section.  This 
would  be  available  if  the  operating  frequencies  for  the  command  and  tracking 
functions  have  to  be  separated  in  order  to  reduce  surface  or  bottom  reverber¬ 
ation  interference,  or  if  the  acoustic  noise  level  in  the  present  location 
from  the  propulsion  motor  is  higher  than  expected.  "Pop-out"  transducer  units 
will  be  used  in  these  locations  to  protect  them  from  damage  during  handling 
of  the  vehicle.  The  transducer  clement,  in  these  units  is  mounted  on  a  spring- 
loaded  pressure-actuated  piston  which  extends  the  transducer  from  the  vehicle 
hull  when  the  external  water  pressure  exceeds  approximately  6  psi. 

The  obstacle  avoidance  sonar  transducer  and  the  homing  receiver  trans¬ 
ducer  are  mounted  on  a  removable  nose  plate  in  the  nose  section.  This  nose 
plate  approach  allows  for  future  addition  of  watertight  electrical  connector 
penetrations  and  mounting  of  additional  instrumentation  at  minimum  cost. 

Spare  transducer  mounting  ports  on  the  top  side  of  the  nose  and  aft  sec¬ 
tions  of  the  pressure  hull  have  been  included  as  alternate  locations  for  the 
command  and  tracking  transducers  when  making  runs  with  the  vehicle  at  depths 
very  much  greater  than  that  of  the  tracking  range  transducers. 
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Normal  servicing  between  runs  will  be  accomplished  by  separating  the 
vehicle  at  the  joint  just  aft  of  the  battery  section.  ’Ibis  provides  access 
to  the  following:  the  battery,  for  charging  or  replacement  with  a  fully 
charged  battery;  the  data  chassis,  for  changing  magnetic  data  tapes  and  set¬ 
ting  new  run  depths;  the  control  chassis;  and,  in  particular,  the  power 
control  panel  on  the  front  of  this  chassis  which  contains  the  switche  for 
starting  the  vehicle,  instrument  calibration,  initial  setting  of  gyro  head¬ 
ing,  and  control  system  checkout.  The  data  chassis,  control  chassis,  and 
battery  will  be  mounted  on  slides  within  rails  fixed  to  the  hull  so  that 
they  can  be  easily  removed  for  servicing. 

5.3  PROPULSION  UNIT 

A  vehicle  speed  of  5  knots  was  chosen  to  match  the  initial  research 
mission  requirements.  Drag  calculations  have  been  made  for  a  vehicle  with 
UARS's  dimensions  and  shape  operating  at  this  speed.  The  propulsion  motor 
horsepower  requirement  was  calculated  using  these  drag  values  and  estimates 
of  propeller  and  gear  train  efficiency.  The  value  of  drag  is  dependent  on 
the  precise  vehicle  shape  and  appendages  and  the  angle  of  attack  at  which 
it  travels  through  the  water.  A  range  of  values  was  obtained  from  a  minimum 
of  0.1  hp  to  a  maximum  of  0.25  lip. 

A  conventional  approach  to  propulsion  system  arrangement  is  precluded 
by  power  losses  in  rotating  shaft  seals  across  the  pressure  differential 
that  exists  between  the  interior  of  the  vehicle  and  ambient  depth,  and  by 
the  catastrophic  results  of  leakage  upon  a  vehicle  which  is  nearly  neutrally 
buoyant.  The  approach  taken  was  to  place  the  motor  in  a  thin-walled  con¬ 
tainer  filled  with  a  pressure-equalized,  non-conducting  fluid.  A  secondary 
seal  separates  the  fluid  and  sea  water;  the  fluid  pressure  is  maintained 
slightly  higher  than  ambient  so  that  sea  water  will  not  enter  the  motor  in 
the  event  of  minor  leakage  or  seal  wear.  This  arrangement  unfortunately 
creates  trim  problems  in  that  placing  the  motor,  gear  box,  and  equalization 
cylinder  aft  of  the  pressure  hull  in  a  non-buoyant  tailcone  produces  a  tail 
heavy  condition.  The  feasibility  of  extending  the  pressure  hull  further  aft 
while  retaining  the  "canned  motor"  approach  by  enclosing  it  within  an  inter¬ 
nal  pressure  vessel  (itself  contained  within  the  pressure  hull)  was  investi¬ 
gated  as  a  possible  means  of  reducing  the  trim  problem  without  increasing 
vehicle  length.  This  attempt  was  not  fruitful,  but  it  clearly  showed  the 
advantages,  from  a  reliability  and  maintainability  viewpoint,  of  the  present 
arrangement  shown  in  figure  5.1. 

Both  ac  and  dc  motors  were  investigated  to  determine  the  most  suitable 
unit  for  this  application.  An  ac  motor  would  require  a  solid  state  dc-to-ac 
inverter  to  provide  the  drive  power  and  special  "start  up"  circuitry.  The 
ac  motors  exhibit  good  speed  regulation  and  do  not  have  the  commutation  prob¬ 
lems  inherent  in  dc  motors  (particularly  in  flooded  motor  operation).  On  the 
other  hand,  the  overall  efficiency  of  the  inverter-motor  combination  is  low, 
the  cost  is  high,  and  the  weight  and  space  requirements  are  much  greater  than 
for  a  dc  motor  of  equivalent  horsepower. 
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\  ilc  motor  ope i  itiu  in  the  flooded  con i'l (•.unit  inn  was  chosen.  A  hhiiiii- 
lacluivr  ol  |»o  t  mi  net  type  Jo  motors  was  located  with  "off  tin*  she  If’ 

.lot nrs  sat  i  f\  in  tin1  iolt.i  e.  speed,  si  e.  and  weight  rotjul rcincnts  of*  tlu* 
planned  vehicle  ennfi gurat  i tut .  these  motors  were  not  designed  for  operation 

in  i  t  tui«l  and  r  mire  soi!.e  .mdi  ii  r  it  ion  ie.g.,  potting  ol*  the  rotor).  One 
oi  these  motors  h:i  been  pmvlin.ed  and  tested  to  determine  Its  efficiency 
when  riimi i mt  nh merged  in  Stoddard's  cleaning  solvent.  Test  results  s|»  >w  on 
etiiiien*.  oi  npj'ruviiiaielv  ii-  (see  ligurc  f*.-l  over  the  output  range  ol* 

'.I  to  n.  ‘  hp  whl  I  rnnnin  ‘  in  the  solvent ,  as  compared  to  **.>•  over  the  same 
nn  for  "m  lie"  ope r it  ion  (these  results  wore  obtained  with  an  unpotted 
rotor,  l  e.,  ns  the  uoinr  w  is  delivered  Iron  the  inanufnct nrer) . 

V  •»:  I  I  met  ir  ir  ivdiution  ini t  will  he  used,  with  its  housing  pro* 
vidtn  with  ,i  ..'nut  in  flan  e  fir  at  t  leln  rut  to  the  tailcone  of  the  motor 
enclosure  and  ix  n i<  m  il  I  rat  Ion  chamber 

I  he  propeller  i-  tlnvi  hl.nled,  - 1  hi.  pitch,  IT  hi.  dianwtcr,  with  the 
Imh  emu  ni  le  con  for;  i  in  t.  ?  *  i  |  cone  hape  I  lie  efficiency  of  the  pro* 

ller  at  i!n  -knot  peed  w.i  ,  ve  tl  ..it i  d  and  calculated  to  he  approximate lv 
o  1  it i  •  t  ver  iiea i  t  ,e  tiieoivtical  limit  implicit  In  the  vehicle  drag, 
propeller  disimet  r.  and  velocitv  iv  lat  iniislnp. 

i  it vi  1 1  it>  surm 

\ariou  ty  es  (.t  batten*  for  the  vehicle  were  Investigated.  A  run 
time  ot  IP  hour  v.n  et  u  i  Hiiniimi,  reoui  rement  bused  on  planned  vehicle 
aM<iiiii  .  \  nominal  hitter*  voltage  of  I  V  was  set  to  conform  to  the  pro¬ 

pulsion  motor  re  mi  ivment  .  and  the  total  batten  load  (propulsion  motor  pins 
instrumentation)  was  estimated  to  he  approximately  A.  These  requirements 
formed  the  basis  for  the  comparison,  suown  ir.  Inble  a . 2 ,  ol*  the  thr  '  most 
ui  table  batten  t  i*es. 

lead  acid  hitterie  wen  ,iven  consideration  because  of  their  low  cost, 
but  were  rejected  heeau-o  :  III  they  have  very  poor  discharge  characteristics, 
iJl  special  pro cant  ion  must  he  taken  igainst  spillage  and  acid  fumes,  (5) 
gassiug  during  charge  uni  discharge  presents  an  explosion  hazard,  (4)  thee 
ire  subject  to  free- mg  at  arctic  temperatures  (part  icnlarle  so,  if  in  a  par¬ 
tially  discharged  condition),  and  ('■>)  their  weight  and  volume  are  excessive. 

silver-  iuc  batteries  have  been  selected  because  their  high  energy  dea¬ 
lt*  matches  the  re  mi  rement  for  the  vehicle  to  he  as  small  :uid  lightweight 
is  possible  to  fac  ht.it  ■  port  ahi  lit  \  md  handling. 

Tor  increased  re  I  i  ,ib  i  1  i  t  \  the  veiticlc  will  carry  two  battery  supplies: 
a  Jb!)  \ - li  main  batter  and  a  (>l’  \-li  reserve  battery.  The  main  battery  will 
provide  the  normal  Ij-hour  run  enpahilit  battery  monitoring  circuits  are 
included  in  the  design  so  that  diould  the  main  battery  fail,  the  reserve  but- 
tery  will  he  switched  on  automat i cal Iv.  It  will  provide  slightly  more  than 
J  hours  of  run  time  to  enable  the  vehicle  to  return  to  the  recovery  hole. 
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l'lio  vehicle  will  contain  solid  state  dc  to  tic  converter  to  stipp  1  > 
closely  regulated  *15,  ♦5,  and  -  If*  \  from  the  21  \  hnttery  supply.  \  J I  \'dc 
to  HR  V,  -100  lie  sine  wave  solid  state  inverter  having  good  frequency  sta 
bility  and  regulation  is  also  included  to  ipply  power  to  tin  di reel  tonal 
gyro  mnl  the  tape  transport  driv\  motor. 

It’  the  main  battery  voltage  drops  below  Jo  the  battery  monitoring 
circuits  will  function  as  follows: 

(1)  1 he  reserve  battery  will  be  switched  in  parallel  with  tin 

mailt  battery  (each  battery  pad.  will  contain  sorit  diodes 
to  prevent  discharge  of  one  bitten  into  the  otluri. 

(21  An  alarm  code  will  he  acoustically  telemetered  to  tin  track¬ 
ing  station  via  the  tracking  pulse  to  alert  tin*  trading 
operator  to  turn  on  the  homing  beacon  if  it  is  not  already 
on. 

(3)  A  timing  circuit  will  be  started  which,  after  5  minutes, 
will  activate  the  homing  mode  in  tin  vehicle. 

Although  the  reserve  battery  will  not  he  u^ed  during  a  normal  run,  it*, 
voltage  will  also  he  monitored  and  if  its  voltage  drops  below  20  V,  a  sepa 
rate  alarm  code  will  be  sent  to  the  tracking  station,  and  the  timing  circuit 
which  activates  the  honing  mode  after  3  Minutes  will  be  started. 

flic  vehicle  will  contain  both  a  minimum  and  a  maximum  pressure  switch, 
li.c  maximum  pressure  switch  serves  as  a  fail-safe  device  for  the  depth  con¬ 
trol  system,  and  its  function  will  he  discussed  in  that  section.  1  lie  mini¬ 
mum  pressure  switch  actuates  at  a  fixed  pressure  corresponding  to  a  depth  of 
about  25  ft.  Its  function  is  to  conserve  battery  power  in  the  event  that  the 
vehicle  Is  unable  to  return  to  t he  recovery  hole  and  comes  up  under  the  ice 
or  in  a  lead,  litis  switdi  will  he  bypassed  by  relay  contacts  until  the  ve¬ 
hicle  lias  been  lowered  or  dives  below  2.<  ft.  Actuation  of  the  pressure  switch 
will  energlie  the  bypass  relay  which  will  hold  itself  on  through  holding  con¬ 
tacts.  Mien  the  pressure  switch  deactivates,  power  will  he  disconnected  by 
means  of  control  relays  from  all  components  except  those  necessary  for  opera¬ 
tion  of  the  tracking  transmitter,  ibis  transmitter  can  then  serve,  along  with 
the  recovery  pinger,  as  an  acoustic  sonrci  for  locating  the  vehicle's  position 
under  the  ice. 

A  motor  control  circuit  will  Ik  j  rovided  which  will  start  or  stop  the 
motor  on  the  basis  of  inputs  from  the  acoustic  command  system.  If  the  vehicle 
loses  commands,  goes  into  a  spiral  search  for  the  homing  signal,  and  does  not 
pick  up  cither  commands  or  the  homing  signal  over  a  period  of  1  hour,  the 
motor  will  he  shut  down. 

Reed  switches,  which  can  be  magnetically  activated  from  outside  the 
pressure  hull,  will  serve  the  following  purposes: 
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(I)  I'o  turn  off  power  to  all  components  within  the  vohicle.  This 
would  be  important  It*  it  were  necessary  to  send  a  divor  down 
through  the  hole  to  disentangle  the  vehicle  from  the  recovery 
net . 

(J)  To  enable  the  propulsion  motor,  rudder  solenoids,  and  tape 
transport  motor  Just  prior  to  launch. 

(3)  To  set  gyro  heading. 

The  power  control  system  will  also  conserve  power  during  warmup  and 
checkout  of  the  various  systems  prior  to  iaunch  by  applying  power  only  to 
those  systems  necessary  for  the  checkout. 


S.b  Did* 111  COM  KOI. 

A  simplified  block  diagram  of  the  depth  control  system  for  the  (JARS  is 
.howu  in  figure  5. A.  I  he  system  is  designed  for  an  operational  range  of  0 
to  | SOU  ft  with  u  depth  stability  on  the  order  of  il  ft  during  a  horizontal 
run. 
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figure  5.3.  Simplified  Block  Diagram  of  UARS  Depth  Control 
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Ihe  pressure  sensor  selected  lor  the  depth  control  system  is  a  Vilirot  roirCix 
pressure  transducer  having  a  sine  wave  output  with  frequency  pm  port  ion  a  I  to 
depth.  These  units  are  well-suited  for  this  application  because  of  their  low 
hysteresis,  high  repeatability,  and  hi, tit  re  olution.  Although  these  milts 
exit  lb  i  t  good  temperature  stability,  the  transducer  will  be  enclosed  in  a  tem¬ 
perature-controlled  oven  because  of  the  large  operational  temperature  range 
expected  and  the  depth  accuracy  desired.  Ihe  sine  wave  output  is  desirable 
because  It  Is  relatively  insensitive  to  noise  at  the  output  and  is  easy  to 
convert  to  digital  form. 

A  digital  depth  reference  is  used  Coe  Kef.  2  for  a  detailed  description 
of  a  similar  system!  to  provide  a  highly  stable  reference  and  a  convenient 
means  of  setting  the  four  preset  runuiiip  depths  (i.e.,  a  set  of  switches  rep¬ 
resenting  a  binary  number  for  each  deptiil.  Ihe  submersible  can  l>e  cummainled 
to  go  to  any  one  of  four  preset  depths  as  well  us  step  up  or  down  in  small 
increments  from  any  of  the  preset  depths  by  menus  of  the  acoustic  command  1  i ill. 
from  the  tracking  station.  Inputs  from  tin  obstacle  avoidance  sonar  and  the 
under-ice  profiler  will  send  the  vehicle  to  the  next  lower  preset  depth  each 
time  a  step-down  command  is  received  iron  either  of  the  two  units.  A  command 
to  go  to  111  (the  deepest  depth  setting)  will  be  initialed  by  t lie  homing  control 
circuitry  wit en ever  the  vehicle  »t  irts  a  homing  search. 

Ihe  digital  output  iron  tin  depth  error  detector  is  converted  to  an  ana¬ 
log  voltage,  amplified,  limited  (the  limiter  sets  the  dive  and  climli  angles), 
and  summed  with  the  pitch  angle  sensor  output.  Ihe  pitch  angle  input  act*-  as 
a  depth  rate  feedback  in  the  depth  cuutrol  loop  (see  Kef.  .>).  The  output  from 
the  summation  poiut  is  further  amplified  and  fed  to  the  linear  elevator  actuator. 


An  analog  computer  simulation  of  the  depth  control  system  was  used  to  de¬ 
termine  vehicle  depth  stability  :uid  response  characteristics  to  step  changes 
in  depth  assuming  a  vehicle  speed  of  3  l.u.  At  the  time  of  these  runs,  the  ve¬ 
hicle  shape  and  dimensions  differed  slightly  from  the  present  design.  Although 
the  results  obtaiued  are  probably  representative  of  the  system  performance, 
now  body  coefficients  have  been  derived  and  will  be  used  in  future  simulation 
runs  when  actual  servo  hardware  is  available.  ‘Hit-  first  runs  were  used  to  de¬ 
termine  the  depth  control  sunpli  fier(s)  gain  requirements  for  satisfactory  ve¬ 
hicle  response  to  step  changes  in  depth.  Simulation  runs  were  made  with  a 
depth  control  configuration  using  solenoid-actuated  elevators,  and  for  the 
linear  elevator  actuator  configuration  .liown.  Although  the  pitch,  oscillations 
inherent  in  the  solenoid  actuator  configuration  are  small  (approximately  1 
pcak-to-pcak) ,  they  could  produce  unJcs i ruble  variations  in  the  under-ice  pro¬ 
file  data.  These  oscillations  do  not  occur  with  the  linear  actuator,  and  a 
suitable  unit  has  been  designed. 


/Another  factor  which  became  apparent  in  the  simulation  runs  was  the  nec¬ 
essity  to  limit  the  net  positive  buoyancy.  Kith  the  preliminary  body  coef¬ 
ficients,  the  negative  angle -of- at  tuck  (nose  down)  required  to  offset  a  net 
positive  buoyancy  of  +  2(1  lit  is  about  <>  !  at  3  kn  as  compared  to  2C  at  (>  kn. 

This  angle  can  be  reduced  to  about  2°  at  the  lower  speed  by  decreasing  the  net 
positive  buoyancy  to  +10  lb  and  increasing  the  elevator  control  surface  area 
by  a  factor  of  two  over  that  used  in  the  initial  simulation.  It  is  desirable 
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to  keep  the  nngle-of  attack  small  because  of  the  rapid  increase  in  drag  with 
angle-of  attack. 


lit v  oh st  tele  avoidance  sonar  is  included  here  jis  a  component  of  the  depth 
control  system  since  its  principal  function  will  he  to  increase  vehicle  depth 
to  avoid  ice  keels,  the  planned  operating  depth  for  obtaining  the  unJcr-icc 
profile  data  is  >u  ft,  and  ice  keels  can  extend  holow  this  depth.  The  t  runs  - 
dneer  for  the  sonar  is  mounted  on  the  nose  of  the  vehicle  with  a  beam  width  of 
i  between  »  .III  points  at  an  operating  frequency  of  3C»l)  kill.  The  center  of 
the  be.vn  is  iligued  with  the  vehicle  center  line  and  since  the  vehicle  will 
have  i  ik  alive  :ut^ I e -of* at t ack  of  approximately  2°,  the  center  of  the  bettm 
will  he  directed  downward  from  the  horizontal  by  the  same  small  ancle,  litis 
t  desirable  luce  keels  extending  far  below  vehicle  operating  depth  will  he 
detected  at  maximum  range  while  keels  only  slightly  below  vehicle  depth  will 
he  detected  at  shorter  ranges.  I'tvl  imittary  tests  with  n  breadboard  model  of 
the  ohst  tele  avoid  nice  on  ar  Indicate  that  a  detection  range  of  greater  tltun 
sip  ft  can  he  expected  on  deep  keels  (those  30  ft  or  more  below  vehicle  depth) 
provided  the  an  K  of  incidence  between  the  sonar  beam  and  the  ice  surface  of 
the  keel  is  le  s  than  :u>  .  keels  having  a  greater  angle  of  incidence  with  tin 
beam,  or  extending  to  shallower  depths,  will  he  detected  at  proportionately 
shorter  ranges.  These  detection  ranges  are  considered  more  than  sufficient 
to  permit  the  which  to  dive  through  several  depth  ranges  (assuming  50-ft 
spacing*  between  l»l,  DJ ,  and  1)3),  if  necessary,  to  avoid  even  the  deeper  keels 
which  may  he  present  in  the  arctic  basin.  See  Ref.  4. 

\  block  diagram  of  the  obstacle  avoidance  sonar  is  shown  in  figure  5.4. 
llio  sonar  operates  at  the  data  rate  frequency  of  five  samples/sec  giving  n 
maxi  mum  unambiguous  range  of  300  ft.  \  pulse  length  of  200  nsec  Is  used  which 
corresponds  to  an  in-water  »uth  length  of  about  l  ft.  To  discriminate  against 
fish,  seals,  etc.,  the  detector  requires  pulse  elongation  of  approximately  5 
pulse  widths  u.5  ft  in  range)  before  a  valid  return  is  recognized.  Since  ice 
keels  will,  in  general,  be  sloping,  an  extended  return  is  expected. 

\  school  of  fish  can  also  produce  an  extended  return,  so  u  running  count 
is  made  of  the  valid  returns.  Ihese  returns  cause  an  un-down  counter  to  count 
up  for  two  counts.  A  latch  prevents  acceptance  of  more  than  one  valid  return 
per  sampling  period,  liadi  transmit  pulse  causes  a  down  count  of  1  unit,  and 
also  resets  the  latch.  With  a  low  valid  return  rate  (SO*  or  less)  the  average 
counter  reading  is  near  zero.  As  the  valid  returns  increase  in  pulse-to-pulsc 
reception  rate,  the  counter  output  climbs  toward  its  maximum  of  IS.  When  the 
maximum  is  reached,  an  avoidance  signal  is  generated. 

When  a  depth  change  is  underway,  the  counter  is  inhibited  from  up-count- 
in  .  so  that  an  avoi iance  signal  will  not  he  generated  during  a  change  to  a 
new  level.  This  requires  attention  from  the  tracking  operator,  who  must  mon¬ 
itor  profiler  data  I  via  the  acoustic  telemetry  link)  before  commanding  a  shal¬ 
lower  run  depth  to  ensure  that  the  vehicle  does  not  climb  into  the  ice  canopy. 
When  a  depth  change  is  completed,  14  consecutive  valid  pulses  will  be  required 
to  generate  an  avoidance  signal;  this  is  approximately  14  ft  of  vehicle  travel. 
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Figure  S.4.  Block  Diagram  of  Obstacle  Avoidance  Sonar  for  'JARS 


This  system  has  been  breadboarded  and  tested  in  local  waters,  using 
grazing  reflections  from  the  bottom  to  simulate  similar  returns  from  the 
ice  undersurface.  The  system  functioned  as  intended.  Fish  returns  were 
identified  in  some  received  signals  (unprocessed)  but  were  rejected.  Field 
tests  at  T-3  using  a  trainable  transducer  to  vary  the  grazing  angle  have 
verified  the  adequacy  of  the  approach  discussed  above. 

An  adjustable  maximum  pressure  switch  will  be  used  as  a  fail-safe  de¬ 
vice  for  the  depth  control  system.  This  unit  will  be  set  before  each  run 
to  actuate  at  a  depth  slightly  greater  than  the  maximum  depth  at  which  the 
vehicle  is  expected  to  operate  during  that  run.  If  the  depth  control  sys¬ 
tem  fails  and  the  vehicle  attempts  to  dive  below  the  actuation  pressure, 
the  motor  will  be  shut  off  by  actuation  of  the  switch  and  the  vehicle  will 
float  toward  the  surface.  When  the  vehicle  rises  above  the  dcactuation  pres¬ 
sure  of  the  switch  the  motor  will  restart.  The  vehicle  would  presumably 
again  dive  to  the  actuation  pressure  and  the  cycle  would  be  repeated.  Each 
time  the  propulsion  motor  shuts  down  an  alert  code  is  sent  to  the  tracking 
operator.  Thus,  this  start-stop  sequence  should  be  readily  apparent  to  the 
tracking  operator.  If  the  problem  is  an  incorrect  setting  in  one  of  the  pre¬ 
set  run  depths,  this  can  be  corrected  by  commanding  a  new  run  depth.  If  this 
fails  to  correct  the  problem,  the  vehicle  can  be  guided  to  the  recovery  hole 
by  commanding  appropriate  headings,  even  though  its  progress  would  be  impeded 
by  the  start-stop  sequence. 
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5.7  IILADING  AND  HOMING  CONTROI. 

Strong  reliance  will  lie  placed  on  the  heading  control  system  to  bring 
the  vehicle  hack  to  the  hole  for  recovery  nt  the  end  of  a  run.  This  is  true 
for  normal  nuts  as  well  us  runs  that  have  been  prematurely  terminated  by  iow 
buttery  voltage  or  lo^s  of  command  signals. 

A  simplified  block  diagram  of  the  heading  control  system  is  shown  in 
llgttre  5.5.  ‘Hie  primary  heading  reference  during  a  run  will  be  a  sclf- 
loveilng  directional  gyro.  These  gyros  were  originally  manufactured  by 
Sperry  Gyroscope  Co.  as  part  of  their  C-4  Gyrosyn  Compass  system  for  air¬ 
craft.  They  tire  overhauled,  and  modified  to  provide  a  commutator  type  out¬ 
put.  The  modification  also  includes  the  addition  of  a  stepping  motor  and 
associated  drive  fo«*  stepping  the  commutator  in  3°  increments  in  cither  a 
clockwise  or  counterclockwise  direction.  Drift  rate  of  the  gyro  is  speci¬ 
fied  by  Sperry  us  0  * 8°/hour  at  a  latitude  of  I2°N  and  25°C.  for  this  ap¬ 
plication,  the  fixed  precession  rate  to  compensate  f>r  earth's  rotation  will 
he  adjusted  for  a  latitude  of  S0°X. 
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figure  5.5.  Simplified  Block  Diagram  of  Heading  Control  for  UARS 
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The  gyro  heading  will  be  set  before  launch.  Heading  changes  during  a 
run  are  commanded  through  the  acoustic  link  from  the  tracking  station,  fa 
terminate  a  normal  run,  the  vehicle  is  first  commanded  to  the  heading  of  the 
recovery  hole.  A  "stnrt  homing"  command  Is  sent  when  it  is  observed  via  the 
acoustic  telemetry  link  (modulation  on  the  tracking  ;nlsej  that  the  homing 
signal  is  above  the  threshold  level.  Hie  heading  control  circuits  will  then 
switch  control  of  the  rudder  solenoid  drive  circuits  to  the  output  of  the 
homing  receiver.  "Stop  homing"  can  he  commanded  by  acoustic  link  ut  any  time 
and  hooding  control  then  reverts  to  the  direct ionul  gyro,  thus,  If  the  hom¬ 
ing  control  malfunctions,  guidance  to  the  recovery  hole  will  he  possible  with 
the  normal  command  system. 

If  a  loss  of  homing  signnl  occurs  while  the  vehicle  is  in  the  homing 
mode,  the  homing  logic  allows  the  submersible  to  continue  on  the  same  path 
for  30  see  (approximately  130  ft)  and  then  activates  a  continuous  right  rudder. 
The  vehicle  will  then  circle  until  one  of  the  following  occurs: 

(1)  the  homing  signal  Is  rencqui red,  at  which  time  the  hoaJIng 
control  again  reverts  to  the  homing  receiver,  or 

(2)  the  vehicle  is  commanded  to  stop  homing,  and  control  reverts 
to  the  gyro,  or 

(3)  the  motor  stops,  either  by  command  or  because  of  loss  of 
commands  for  a  1-hour  period,  and  the  vehicle  floats  up  to 
the  ice. 

Tills  sequence  ensures  the  vehicle  of  another  pass  at  the  recovery  net 
if  it  should  huppen  to  miss  on  the  first  approach.  Hie  intercept  angle  Is 
changed  by  approximately  45°  on  each  succeeding  pass,  as  Illustrated  in  fig¬ 
ure  S.6,  so  that  a  miss  because  of  a  lots  intercept  angle  will  be  corrected 
on  the  following  pass. 

Since  navigational  control  during  a  run  requires  receipt  of  periodic 
heading  changes  through  the  acoustic  command  link,  a  failure  to  receive  such 
commands  must  be  detected  by  the  intemul  vehicle  control  system  and  appro¬ 
priate  action  taken  to  bring  the  vehicle  cither  back  to  the  recover)'  hole  or 
to  a  position  where  command  control  is  again  acquired.  We  have  placed  an 
operational  requirement  on  the  command  system  such  that  commands  must  be  re¬ 
ceived  by  the  submersible  at  intervals  of  less  than  5  minutes.  These  may  be 
redundant  commands  such  ns  commanding  the  vehicle  to  go  to  depth  1)1  when  the 
vehicle  is  already  at  that  depth.  If  the  vehicle  does  not  receive  a  command 
for  a  period  of  3  minutes,  n  "loss  of  command"  sensing  circuit  actuates  a 
180°  turn  in  the  acimnth  stepping  circuits  which  reverses  the  vehicle  course 
for  a  period  of  10  minutes.  This  should  place  the  vehicle  in  the  vicinity  of 
where  the  last  valid  command  was  received.  If  commands  arc  still  not  obtained, 
a  failure  in  one  of  the  command  link  components  is  assumed  and  a  homing  search 
mode  is  activated  which  does  the  following,  in  turn: 

(1)  activates  an  alert  code  to  be  acoustically  telemetered  to 
the  tracking  station 
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Figure  5.6.  Illustration  of  Vehicle  Trajectory  After  Missing  Net 
Because  of  Low  Intercept  Angle 


(2)  sends  a  04  command  to  the  depth  control 

(3)  sends  steps  to  the  gyro  commutator  stepping  motor  at  a  rate 
which  decreases  with  time  to  put  the  vehicle  in  a  spiral 
search  pattern 

(4)  switches  heading  control  to  the  homing  receiver  output  when  the 
homing  gate  is  positive,  indicating  satisfactory  homing  signals 
are  being  achieved 

(5)  if  homing  control  is  achieved,  it  resets  the  timer  which  shuts 
down  the  motor  after  loss  of  commands  for  a  1-hour  period. 

The  purpose  of  sending  the  vehicle  to  its  lowest  run  depth  (D4)  at  the 
start  of  the  spiral  search  is  to  reduce  refraction  and  reflection  effects  on 
the  homing  and  command  signals. 

The  low  battery  voltage  signals,  which  were  discussed  in  the  power  con¬ 
trol  section,  activate  the  homing  search  mode  in  the  same  manner  as  described 
above  for  the  loss  of  command  signals. 

The  UARS  homing  system  makes  use  of  the  signal  physics  of  a  sonar  pulse 
from  a  fixed  beacon  sensed  from  a  platform  moving  through  a  field  of  stationary 
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but  directional  acoustic  reflectors  to  identify  the  correct  beacon  direction. 

A  block  diagram  of  the  homing  receiver  is  shown  in  Figure  5.7. 

The  signal  from  the  homing  beacon  will  consist  of  a  pulse  modulated  28 
kllz  carrier  with  a  pulse  repetition  rate  of  5  pulses  per  second  and  a  pulse 
width  of  4  msec.  The  in-water  peak  pulse  power  level  at  the  transmitter  will 
be  approximately  90  dB  (ref.  1  pbar  at  a  distance  of  1  /d  from  the  transmitter 
transducer) . 

Inputs  to  the  homing  receiver  electronics  come  from  three  hydrophones 
mounted  on  the  vehicle.  Two  cylindrical  PZT  hydrophones  are  located  on  the 
nose  and  spaced  5/8  X  (at  28  kllz)  from  each  other.  This  spacing  precludes  a 
phase  ambiguity  (which  could  cause  reverse  steering).  They  arc  referred  to 
as  the  bearing  hydrophones  since  a  phase  comparison  of  the  homing  signals  re¬ 
ceived  at  these  two  transducers  provides  the  basic  bearing  information  used 
to  guide  the  vehicle  toward  the  homing  beacon.  They  arc  baffled  on  the  side 
next  to  the  vehicle  bods',  to  see  forward  only,  and  have  -5  dB  beam  widths  of 
approximately  120°  in  the  horizontal  plane  and  50°  in  the  vertical  plane. 

The  third  hydrophone,  referred  to  as  the  sense  hydrophone,  has  an  omnidirec¬ 
tional  pattern  and  is  mounted  on  the  underside  of  the  vehicle  approximately 
5  feet  aft  of  the  bearing  hydrophones.  Homing  pulses  received  at  this  hydro¬ 
phone  are  used  to  prevent  homing  on  reflected  signals.  This  is  discussed  in 
greater  detail  in  the  following  description  of  the  operation  of  the  homing 
receiver. 

Two  three-stage  tuned  amplifiers  amplify  the  signals  received  by  the 
right  and  left  bearing  hydrophones.  Their  outputs  are  fed  to  zero-crossing 
detectors  180°  out  of  phase  and  the  pulse  output  of  these  detectors  is  used 
to  feed  a  flip-flop  type  phase  detector.  The  output  of  the  phase  detector 
is  filtered  to  remove  the  28  kllz  square  wave  component,  and  the  dc  component 
is  then  passed  through  two  samplc-and-hold  circuits  to  positive  and  negative 
comparators  to  provide  right  and  left  output  commands  which  arc  dependent 
upon  the  directional  bearing  of  the  received  signal. 

Several  logic  decisions  are  necessary  to  avoid  reverberation  problems 
and  the  possibility  of  bearing  calculations  on  false  signals.  An  input  to 
a  threshold  detector  is  taken  from  a  relatively  low  gain  tap  from  one  of  the 
three-stage  tuned  amplifiers.  Wien  this  input  signal  exceeds  the  threshold 
(approximately  -100  dBV  input),  it  is  rectified  and  filtered  in  the  detector. 
The  detected  signal  is  then  used  to  trigger  a  sample  pulse  gencritor  which 
provides  a  1  msec  pulse  to  the  first  sample-and-hold  circuit.  Thus,  the 
first  1  msec  of  the  input  signal  is  sampled  for  phase  and  this  phase  (or 
bearing)  information  is  stored.  The  trailing  edge  of  the  sample  pulse  trig¬ 
gers  a  100  msec  pulse  generator  which  inhibits  further  triggering  of  the 
sample  pulse  generator  for  100  msec.  The  1  msec  sample  assures  that  only 
the  phase  information  in  the  first  part  of  a  pulsed  signal  (which  is  less 
likely  to  be  compromised  by  reverberation)  is  stored  in  the  hold  circuit. 

The  inhibit  pulse  then  prevents  calculations  on  further  signals  within  the 
succeeding  100  msec  period  and  thus  ordinarily  guards  against  calculations 
on  reflected  signals  which  occur  after  direct  signals. 
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Before  transferring  the  stored  sample  to  the  second  samplc-and-hold  cir 
cuit,  two  other  tests  are  made  on  an  Incoming  signal  to  determine  its  valid¬ 
ity.  The  first  test  is  performed  by  the  3  msec  pulse  width  discriminator.  To 
obtain  an  output  pulse  from  this  circuit,  t lie  incoming  signal  must  remain 
above  threshold  for  5  msec  or  longer.  Thus,  the  homing  pulse,  of  4  msec  dur 
ation,  will  produce  an  output  pulse  whi le  noise  of  shorter  duration  will  be 
rejected. 

The  second  test  is  performed  by  a  circuit  which  compares  the  arrival 
times  of  pulses  received  at  the  sense  and  bearing  hydrophones.  To  obtain 
an  output  pulse  from  this  circuit,  the  pulse  in  til c  bearing  channel  must 
arrive  0.8  msec  before  that  in  the  sense  channel.  Kith  a  5-ft  separation 
between  the  sense  and  bearing  hydrophones,  an  output  pulse  is  obtained  only 
when  the  direction  to  the  homing  beacon  is  less  than  40°  off  the  vehicle 
axis  (at  larger  angles,  the  separation  time  between  pulses  is  less  than  0.8 
msec).  This  test  would  be  unnecessary  if  the  bearing  hydrophones  had  omni¬ 
directional  coverage  and  were  always  able  to  pick  up  the  direct  pulse  from 
the  homing  beacon  as  well  as  any  reflected  pulses.  Reflected  pulses,  arriv¬ 
ing  after  the  direct  pulse,  would  then  be  rejected  by  the  100  msec  inhibit 
pulse  on  the  first  sample-and-hold  circuit  as  already  discussed.  However, 
because  of  the  low  response  in  the  rear  pattern  of  these  hydrophones,  it  is 
conceivable  that  reflected  pulses  might  be  picked  up  while  direct  pulses  go 
undetected  when  the  vehicle  is  headed  away  from  the  homing  beacon.  The  sense 
hydrophone,  having  an  onini directional  coverage,  will  be  able  to  pick  up  the 
direct  pulses  in  this  situation  and  the  time  of  arrival  test  will  avoid  the 
possibility  of  homing  on  the  reflected  signals. 

Associated  with  the  operation  of  the  pulse  arrival  time  comparator  is 
a  100  msec  inhibit  pulse  generator.  This  generator  is  triggered  cither  by 
the  sense  pulse  or  by  the  output  from  the  arrival  time  comparator.  It  then 
inhibits  further  outputs  from  the  3  msec  pulse  width  discriminator  circuits 
in  both  the  sense  and  bearing  channels  for  a  period  of  100  msec.  This  pre¬ 
vents  time  of  arrival  comparisons  being  performed  on  any  reverberati on 
following  a  direct  pulse  within  the  inhibit  pulse  period. 

Tlie  output  from  the  pulse  arrival  time  comparator  is  used  to  trigger  a 
second  1  msec  sample  pulse  generator  which  transfers  the  original  phase  cal¬ 
culation  to  the  output  comparator.  Those  comparators  issue  a  right,  left, 
or  no  command  to  the  acimuth  control  circuits  depending  upon  the  bearing 
(phase)  indication.  This  command  is  held  until  a  new  calculation  is  made. 

The  remainder  of  the  circuitry  is  used  to  further  verify  the  validity 
of  the  signals.  Unlike  the  other  validity  tests,  these  requi re  the  exami- 
nation  of  a  number  of  homing  pulses  and  serve  primarily  during  the  acquisi¬ 
tion  phase  of  the  vehicle  homing  sequence.  To  obtain  a  validation  signal 
which  is  then  supplied  to  the  vehicle  acimuth  control  logic,  the  following 
two  conditions  are  required: 

(1)  The  phase  (bearing)  calculations  must  not  vary  in  a  random 
manner  from  pulse  to  pulse. 
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(2)  At  least  10  pulses  must  be  received  within  a  5  second  period. 

the  random  phase  test  is  applied  to  the  output  of  the  second  sample-and- 
liold  circuit.  On  the  block  diagram  this  circuit  is  labeled  "bearing  rate  de¬ 
tector".  It  essentially  comprises  a  1  to  20  11c  bandpass  filter,  an  amplifier, 
an  amplitude  detector  and  an  inverter.  A  positive  output  is  obtained  from 
the  bearing  rate  detector  only  when  the  input  hearing  signal  varies  at  a  slow 
-.•ate  (high  frequency  components  are  precluded  because  of  the  sampling  rate  -- 
3  pps)  which  is  characteristic  of  a  properly  varying  homing  signal.  This  val¬ 
idation  test,  used  alone,  would  be  insufficient  to  verify  the  presence  of  a 
proper  homing  signal  since  no  signal  inputs  to  the  system  would  also  be  inter¬ 
preted  as  a  valid  signal.  Therefore,  after  this  test  is  passed,  a  second 
multiple  pulse  validity  condition  requires  the  receipt  of  10  pulses  within  a 
3  second  period. 


The  design  of  the  homing  system  has  progressed  from  a  simple  CIV  system, 
which  successfully  operated  at  3-mile  ranges  in  I’uget  Sound,  through  several 
stages  before  the  present,  rather  sophisticated  design  was  attained.  The 
interference  noise  in  I’uget  Sound  is  quite  different  from  that  to  be  exper¬ 
ienced  under  the  arctic  ice.  In  the  latter  area,  the  reverberation  or  re¬ 
flection  of  the  beacon  signal  from  the  water-ice  interface  causes  azimuthal 
signal  distortion  as  well  as  strong  Lloyd  mirror  effects.  To  a  large  extent, 
the  latter  problem  can  he  ameliorated  by  using  CL  pulses.  Both  CIV  and  pulsed 
CL  system  tests  in  the  arctic  under-ice  environment  during  April  of  this  year 
indicated  directional  ambiguity  problems  which  could  he  resolved  only  by  a 
rather  complex  logic  chain. 


3  .  S  DATA  KLCORIMM;  SYSTEM 

The  data  recording  system  is  designed  to  operate  with  a  low-speed  mag¬ 
netic  tape  recorder  and  obtain  high-resolution,  high  density  data  recording 
at  a  relatively  low  data  rate  over  long  periods  o t  time.  To  accomplish  this, 
ill  signals  are  converted  to  binary  form  (sampled  and  converted  if  a  continu¬ 
ous  signal)  and  recorded  on  magnetic  tape  usin  t  non- ret urn-to-zero,  change- 
it-one  (Mill)  recording  method.  A  nine-track  rccordin  head  is  used  on  1/2- 
i ndi  magnetic  tape,  amt  the  binary  data  words  are  recorded  across  the  tape  in 
a  j  aral  le  1  -seri  a  1  combination  using  t  ime-mult  ipU xing  to  separate  the  various 
data  channels. 

The  magnetic  tape  transport  design  is  i  modification  of  a  design  origi¬ 
nated  hv  this  Laboratory  for  use  in  SI’IIRX  .  Several  of  these  units  have  been 
built  mil  used  in  field  operations  with  excellent  performance.  These  are 
limited-purpose  units,  designed  for  recordin’  on  I  with  no  play-back  capa¬ 
bility.  However,  they  are  very  compact  ;uul  hau  low  power  drain.  Modifi¬ 
cations  from  the  Sl’IJRV  design  consist  primarily  ot  increasing  the  number  of 
recording  tracks  from  seven  to  nine  and  decrea  in  the  tape  speed  from  3/4 
to  3/s  inch/sec.  The  reduced  tape  speed  will  emit  i2  hours  of  data  to 
lie  recorded  on  a  single  "-inch  reel  of  0.3  mil  base  tape.  Nine-track  record¬ 
ing  is  being  used  in  preference  to  seven-track  because  of  its  increasing 
ut i 1 i  at  ion  in  many  of  the  newer  computer  systems  (e.g. ,  IBM/3()0). 
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The  tape  transport  uses  a  capstan  drive  powered  by  a  400  IIz  synchro¬ 
nous  motor  through  a  precision  gear  reducer  and  flat  belt  drive  to  achieve 
the  necessary  speed  reduction.  The  400  Hz  power  is  obtained  from  a  solid 
state  inverter  which  has  a  frequency  stability  of  ±1/4%.  This  arrangement 
gives  a  very  precise  average  tape  speed. 

Figure  5.8  shows  the  channel  multiplexing  arrangement  used  for  UARS 
data  recording.  Two  characters  are  required  to  write  a  word  in  each  chan¬ 
nel  (A  through  J).  A  character  is  this  context  refers  to  a  veriical  column 
across  the  tape.  The  basic  character  recording  rate  is  120  times  per  sec¬ 
ond  which,  with  a  tape  speed  of  3/8  inch  per  second,  results  in  a  tape  re¬ 
cording  density  of  320  characters  per  inch.  Two  of  the  nine  tracks  arc  used 
to  record  the  character  clock  and  a  multiplex  synchronization  pulse.  These 
timing  pulses  are  used  in  recovering  the  data  from  the  tape.  The  other  seven 
tracks  contain  the  data  portions  of  the  words  in  the  various  channels. 

One  aspect  of  the  multiplexing  arrangement  which  may  not  be  entirely 
obvious  from  the  diagram  is  the  timing  sequence  of  the  word  counter.  This 
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counter  steps  sequent i al ly  and  repetitively  from  W1  through  W10  with  a  single 
step  occurring  at  the  completion  of  each  frame  as  shown.  Each  channel  is 
wholly,  or  in  part,  t imt -mult  ip lexed  in  accordance  with  the  word  count  as 
well  as  with  the  character  timing  pulses  Cl  through  C12. 

Channels  C  through  .1  ire  time-multiplexed  In  accordance  with  even  and 
odd  words  from  the  word  counter  to  provide  for  inputs  from  eight  sensors  at 
a  recording  rate  of  five  times  per  second.  Six  of  these  inputs  have  been  al¬ 
located  based  on  the  planned  instrumentation  suite,  and  two  are  available  for 
additional  instrumentation.  The  recording  rate  of  five  times  per  second  cor¬ 
responds  to  a  data  point  for  each  foot  of  travel  at  the  planned  vehicle  speed 
of  S  knots.  \  straight  binary  code  is  used  in  these  channels  which  provides 
a  capability  for  recording  up  to  a  11-bit  binary  number  in  each  word.  The 
first  character  in  a  channel  word  is  referred  to  as  the  "High  Register",  and 
the  second  character  is  the  "Low  Register"  with  the  bit  weighting  for  each 
register  as  shown  in  the  box  on  the  upocr  right  side  of  the  figure.  The 
"write"  commands  for  the  characters  are  referred  to  as  High  Register  Write 
(IIRW)  and  Low  Register  Write  (LRW). 

Channel  B  contains  the  output  from  a  10-bit  aualog-to-digital  converter, 
in  general,  all  signals  to  be  recorded  in  this  channel  will  be  of  a  slowly 
varying  nature,  such  as  battery  and  secondary  supply  voltages,  pitch,  roll, 
etc.  The  signals  are  commutated  at  the  input  to  the  A/1)  converter  by  a  solid 
state  multiplexer  which  is  stepped  with  the  word  count.  In  addition,  a  sub- 
commutation  is  performed  on  signals  which  need  to  be  recorded  only  infre¬ 
quently,  such  as  battery  and  supply  voltages.  At  the  present  time  only  the 
W1  position  will  be  sub-commutated.  \  four-bit  index  will  be  sub-commutated. 

\  four-bit  index  will  be  included  along  with  the  sub -commutated  data  to  iden¬ 
tify  the  particular  signal  being  recorded.  The  location  of  the  ten  data  bits 
in  tli i s  channel  is  indicated  in  the  figure  and  the  weighting  of  the  bits  is 
the  same  as  shown  for  channels  (.  through  .)  in  the  corresponding  bit  locations. 
The  location  and  weighting  of  the  index  bit  positions  are  also  shown  in  the 
figure.  A  total  of  lb  sub- commutated  signals  can  be  recorded  in  the  W1 
position  at  a  recording  rate  of  one  every  lb  seconds. 

Channel  A  is  a  "catchall"  channel.  One  of  its  functions  is  to  record 
the  occurrence  of  off/on  type  outputs  such  as  rudder  actuations  and  the  ve¬ 
hicle  speed  indicator  output.  The  sampling  rate  (recording  rate)  is  ten 
times  per  second,  and  the  presence  or  absence  of  a  bit  in  the  positions  shown 
indicates  the  on/off  state  of  the  function  indicated,  four  bit  positions  in 
this  channel  are  tine-multiplexed  in  accordance  with  the  word  count  in  order 
to  record  a  lb-bit  binary  number  containing  the  count  in  seconds  of  the  elapsed 
time  since  the  occurrence  of  the  external  synchronization  pulse  at  the  start 
of  the  run.  The  multiplexing  arrangement  and  the  weighting  of  the  bit  posi¬ 
tions  is  shown  in  Figure  5.0.  \lso  included  in  Channel  A  s  the  four-bit 
hi  nan  coded  acoustic  command  last  received  by  the  vehicle. 

\  block  diagram  of  the  complete  data  system  is  shown  in  Figure  5.10. 

\  detailed  description  of  the  f requency-to-b i nary  conversion  used  for  re¬ 
cording  pressure,  temperature,  and  sound  velocity,  and  the  A-D  conversion 
used  for  recording  pitch,  roll,  elevator  angle,  etc.  is  given  in  Ref.  5. 
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Figure  5.9.  Multiplexing  Arrangement  for  Recording  Run  Time  Count 


Reference  2  contains  a  description  of  a  digital  depth  reference  and  depth 
error  detector  similar  to  the  one  designed  for  this  vehicle.  Design  changes 
in  this  latter  unit  have  been  made  to  allow  greater  latitude  in  the  selection 
of  preset  running  depths,  hut  the  basic  technique  will  remain  the  same. 

Provision  is  included  for  recording  vehicle  water  velocity  by  inputs 
from  a  propeller-type  speed  sensor.  The  propeller  drives  a  small  magnet  past 
a  reed  relay  whose  contact  closures  are  counted  down  for  recording  in  a  single 
bit  position  in  Channel  A. 


5.9  PROFIUiR 

The  primary  instrumentation  focus  for  the  initial  arctic  vehicle  is  the 
under-ice  profiler.  This  unit  consists  of  a  wide  beam  t ransnii ttcr  and  a  inul 
tiple  narrow  beam  receiver  array.  A  multiple  beam  acoustic  transducer- lens 
system,  developed  by  this  Laboratory,  will  be  used  for  the  receiver  array. 
The  combined  directivity  pattern  for  this  array  at  an  operating  frequency  of 
500  kllz  and  for  15  transducer  beams  is  shown  in  figure  5.11.  liach  beam  is 
associated  with  a  particular  transducer  of  the  array  and  any  combination  may 
be  selected  for  recording.  The  fan-shaped  array  will  be  mounted  in  the  ve¬ 
hicle  in  an  upward- looking  direction  with  the  plane  of  the  beams  perpendic¬ 
ular  to  the  vehicle  center  line.  Only  three  beams  will  be  implemented  for 
recording  at  this  time. 

The  profiler  transmitter  is  similar  to  the  one  used  in  the  obstacle 
avoidance  sonar,  having  a  pulse  width  of  2(H)  ».sec,  a  peak  power  output  of 
approximately  100  IV,  and  a  pulse  repetition  rate  of  five  pulses  per  second, 
but  with  an  operating  frequency  of  500  kiln. 
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Figure  5.10.  Block  Diagram  of  UARS  Data  System 
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Separate,  but  identical,  receivers  are  used  to  amplify  and  detect  the 
returns  from  the  under- ice  surface  in  three  beams.  The  receivers  employ  a 
combination  of  time-varied  gain  (TVG)  and  pulse  width  discrimination  to  re¬ 
ject  false  trips  from  volume  reverberation  or  biological  sources.  Tests  of 
this  system  in  t lie  Arctic,  described  in  more  detail  in  section  6.3  of  this 
report,  indicated  that  this  approach  was  completely  satisfactory,  under  the 
ice  conditions  experienced  at  ice  island  T-3  during  April  of  this  year.  Of 
particular  interest  were  echo  elongation  characteristics  which  show  a  funda¬ 
mental  distinction  between  echo  returns  from  fish-sized  objects  and  the  ice 
surface.  The  200  usee  pulse  was  returned  as  an  echo  of  several  milliseconds 
duration,  which  indicated  that  significant  penetration  of  the  ice  was  being 
achieved  in  spite  of  the  very  high  frequency  employed.  The  dependence  of 
this  behavior  upon  grazing  angle  is  discussed  in  section  6.3. 

The  detected  under-ice  surface  returns  from  the  three  profile  receivers 
will  be  sent  to  the  profile  recording  circuits  which  will  determine  the  time 
of  arrival  of  the  returns  with  respect  to  the  transmitted  pulse,  and  encode  it 
as  a  10-bit  binary  number  for  recording  on  the  magnetic  tape.  A  block  diagram 
of  the  profile  recording  circuits  is  shown  in  Figure  5.12. 
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Figure  5.12.  Block  Diagram  of  Profiler  Recording  Circuits 
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Each  beam  has  a  separate  10-bit  binary  counter  which  is  reset  to  zero 
and  starts  counting  at  a  10  kllz  clock  frequency  at  the  start  of  the  transmit 
pulse.  Each  counter  is  stopped  at  the  time  of  arrival  of  a  return  in  that 
particular  beam  or,  in  the  event  of  no  return,  when  the  counter  recycles  to 
zero.  At  the  10  kHz  clock  frequenc} ,  each  bit  corresponds  to  1/4  ft  in  range 
(0.1  msec);  the  maximum  range  which  can  be  recorded  is  1023  bits  or  approxi¬ 
mately  255  ft.  The  write  pulses  (HRIV  and  LRW)  for  recording  the  counters 
occur  after  the  maximum  range  time  but  prior  to  the  next  transmit  pulse. 

The  obstacle  avoidance  monitor  on  the  counter  for  the  center  beam  pro¬ 
vides  a  positive  output  whenever  the  number  in  the  counter  is  less  than  32, 
which  corresponds  to  a  range  of  less  than  8  ft.  If  such  a  return  occurs,  an 
"up"  count  of  2  is  placed  in  a  4-bit  up/down  counter  by  the  record  pulses  Cy 
and  C^q.  If  no  return  occurs  or  its  range  is  greater  than  8  ft,  a  single 
"down"  count  is  entered.  Thus,  a  running  count  is  made  of  returns  occurring 
at  a  range  of  less  than  8  ft.  If  these  returns  occur  more  than  30%  of  the 
time,  the  counter  will  reach  a  maximum  count  of  10  and  put  out  a  "step  down" 
command  to  the  depth  control  circuits.  It  is  expected  that  this  would  occur 
only  in  the  event  of  failure  of  the  obstacle  avoidance  sonar  or  if  the  under¬ 
side  surface  of  the  ice  cover  has  a  very  shallow  slope  (increasing  in  depth) 
and  a  very  smooth  surface  so  that  returns  (at  the  low  grazing  angle)  into  the 
sonar  are  below  the  threshold  level.  An  inhibit  line  prevents  further  step- 
down  commands  from  the  up/down  counter  until  the  previously  commanded  depth 
change  is  completed. 

Data  from  the  center  beam  will  also  be  sent  to  the  acoustic  telemetry 
encoder  for  transmission  (via  the  tracking  pulse)  to  the  tracking  site.  The 
data  will  consist  of  a  6-bit  binary  word  in  which  the  least  significant  bit 
corresponds  to  a  2-ft  range.  This  data  will  be  used  for  vehicle  navigation 
purposes  which  do  not  require  the  resolution  of  the  internally  recorded  data. 


5.10  TRACKING  TRANSMITTER  AND  COMMAND  RECEIVER 

The  tracking  transmitter  and  command  receiver  are  discussed  together 
because  they  function  as  a  two-way  acoustic  telemetry  link  between  the  track¬ 
ing  station  and  the  vehicle.  The  tracking  transmitter,  of  course,  has  the 
separate  function  of  providing  an  acoustic  pulse  suitable  for  tracking  the 
vehicle's  position.  Both  the  tracking  and  command  pulses  are  digitally  coded 
using  100%  phase  shift  keyed  modulation  at  a  carrier  frequency  of  50  kHz  with 
a  nominal  source  strength  of  97  dB.  Allowing  five  cycles  of  the  carrier  per 
bit,  a  14-bit  word  can  be  transmitted  within  a  pulse  width  of  1.4  msec. 

Acoustic  tests  of  this  system  have  been  conducted  in  Puget  Sound  using 
the  transmitter-receiver  depths  (approximately  50  and  300  ft)  planned  for 
the  initial  arctic  applications.  These  depths,  during  the  winter  test  sea¬ 
son,  were  adequate  to  prevent  overlap  of  the  direct  and  surface  reflected 
pulses.  The  system  demonstrated  reliable  data  telemetry  out  to  the  range 
limits  implicit  in  the  developmental  model,  in  excess  of  2000  yd.  Tests  of 
the  same  system  were  conducted  under  ice  in  the  arctic  and  similar  results 
were  obtained.  The  arctic  tests  indicated  that  higher  medium  absorption 
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losses,  because  of  lower  water  temperatures,  did  not  adversely  influence  the 
system  transient  (high  frequency)  response  required  to  accomplish  the  phase 
shift  detection  necessary  in  the  decoding.  The  arctic  developmental  instru¬ 
mentation  also  included  successful  te^t  of  an  additional  code  validation  fea¬ 
ture  which  requires  that  the  decoded  phase  of  any  bit  be  within  ±45°  of  the 
proper  phase  associated  with  its  binary  state.  This  feature,  in  conjunction 
with  parity  checks,  gives  extremely  low  probability  of  an  erroneous  message 
being  accepted  as  valid.  It  does  mean,  however,  that  some  valid  messages 
will  be  rejected  because  of  bits  failing  to  meet  the  phase  requirement  due 
to  noise,  even  though  they  were  properly  decoded. 

\  synchronous  clock  mode  of  control  for  the  tracking  transmitter  is  used. 
In  this  mode,  two  highly  stable  clocks,  one  in  the  submersible  and  one  at  the 
control  processor,  are  sjnehronized  before  vehicle  launch.  The  submersible 
clock  commands  transmission  at  precise  times  known  to  both  clocks.  In  order 
to  maintain  a  tracking  accuracy  of  ±1  ft  over  a  riui  period  of  10  hours,  a  time 
base  stability  of  1  x  lt)~ 3  is  required.  Commercial  temperature  controlled 
crystal  oscillators  are  available  with  a  frequency  stability  of  5  x  10“ 10  over 
a  24-hour  period  when  held  at  constant  temperature.  The  variation  with  temper¬ 
ature  is  less  than  2  x  10*-  over  the  temperature  range  from  -55°C  to  +60°C. 
Since  a  stable  crystal  oscillator  and  associated  count-down  circuits  are  also 
required  in  t he  data  recording  system,  the  same  oscillator  will  be  used  for 
both  purposes. 

Tracking  pulses  will  be  transmitted  from  the  vehicle  at  2-sec  intervals, 
which  provides  for  a  10,000-ft  unambiguous  tracking  range.  Because  of  the 
large  amount  of  information  to  be  acoustically  telemetered  to  the  tracking 
station,  mid  because  of  the  restriction  on  pulse  length  (to  avoid  multiple 
path  interference),  additional  coded  pulses  will  be  transmitted  on  the  1-sec 
mark  between  tracking  pulses.  These  pulses  will  be  transmitted  in  l'esponse 
to  a  command  received  at  the  vehicle  from  the  tracking  station  or  when  alert 
codes  have  been  generated  internal  to  the  vehicle.  In  the  first  instance, 
only  a  single  pulse  will  be  sent  for  each  command  received.  However,  pulses 
indicating  an  alert  situation  will  continue  to  be  sent  between  tracking  pulses 
until  the  alert  is  acknowledged  by  command  from  the  tracking  station.  Ident¬ 
ity  codes  will  be  used  to  distinguish  the  various  coded  pulses  transmitted  by 
the  vehicle  (i.e.,  tracking,  alert,  command  response)  and  to  identify  commands 
and  other  coded  pulses  which  may  be  transmitted  to  the  vehicle  or  to  other 
objects  from  the  tracking  station. 

figure  5.13  shows  the  pulse  coding  used  for  both  the  tracking  and  com¬ 
mand  signals.  Table  5.3  lists  the  vehicle  alert  situations  which  are  to  be 
transmitted  to  the  tracking  site.  Since  these  are  independent  events,  each 
alert  will  be  indicated  by  the  presence  of  a  "one"  in  a  particular  bit  posi¬ 
tion  in  the  data  portions  of  the  word  with  a  status  1  identity.  A  command 
response  at  the  vehicle  will  contain  a  2-bit  code  in  the  data  portion  of 
the  word  indicating  the  vehicle's  acknowledgment  of  the  command  as  follows: 

00  command  accepted,  and  acted  upon 

0]  parity  OK,  no  redundancy,  command  stored,  (cont.  on  p.  52) 
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SYNC  ID  1  COMMAND 

COUNT 

(par 

TO  UARS 

3 

2  4 

4 

1 

SYNC  | 

ID  L 

DATA 

JpAFi 

OTHER 

3 

4 

6 

1 

- 14  BUS  - 

_ _ ^ 

ID 

0  0 

0  10  0 
0  10  1 
0  110 
0  111 

10  0  0 
10  0  1 
10  10 
10  11 

110  0 
110  1 
1110 
1111 


COMMAND  TO  DIRS 


PROFILER  DATA 
STATUS  1  (ALERT  CODES) 
STATUS  2  (HOMING  STATUS) 
COMMAND  RESPONSE 

TO  BONABUOY 
FROM  BONABUOY 
SPARE 
SPARE 


FROM  UARS 

OTHER  FIXED  REFERENCE 


TRANSDUCER  1 
TRANSDUCER  2 
SPARE 
SPARE 


BASELINE  AND  HYDROPHONE  LOCATION 


Figure  5.13.  Acoustic  Communication  Binary  Code 


Table  5.3.  Submersible  Alert  Signals 

1.  Low  Battery  Voltage  -  Main 

2.  Low  Battery  Voltage  -  Reserve 

3.  Loss  of  Command  -  180°  Turn 

4.  Propulsion  Motor  Shutoff 

5.  Obstacle  Avoidance  from  Forward-Looking  Sonar 

6.  Obstacle  Avoidance  from  Profiler 
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10  parity  error,  command  rejected 

11  busy,  still  working  on  last  command. 

io  reduce  the  false  alarm  probability  in  the  command  link,  each  command 
received  by  the  vehicle  will  be  checked  for  parity  and  also  compared  bit  by 
nit  with  the  last  received  command,  l-'or  a  command  to  be  accepted  and  acted 
upon,  it  must  be  identical  to  the  last  command  (including  the  count  portion) 
and  have  the  correct  parity  count  (i.e.,  even  number  of  one's  in  the  word). 

If  the  parity  is  correct  but  the  command  is  not  the  same  as  the  last,  it  is 
not  acted  upon  but  stored  for  later  comparison  with  the  following  command. 
\lso  included  in  the  data  portion  of  the  command  response  will  be  a  2-bit 
code  indicating  the  operating  depth  setting  (i.e.,  Dl,  U2,  1)3,  or  1)4)  of  the 
vehicle  at  the  time  the  word  is  transmitted  and  a  2-bit  count  of  the  false 
t rips  registered  by  the  command  receiver  since  the  last  command  response. 

A  list  of  commands  to  be  sent  to  the  vehicle  is  given  in  Table  5.4. 
Associated  with  each  step  up,  down,  right,  or  left  command  is  a  4-bit  "count" 


Table  5.4.  List  of  Commands  to  the  Vehicle 


COMMAND  CODE 

COMMAND 

0000 

Step  Right  J 

On  these  commands,  the 

0001 

Step  Left  / 

number  of  steps  to  be 
taken  will  be  coued  in 

0010 

Step  Up  l 

the  "count"  part  of  the 

0011 

Step  Down  j 

word. 

0100 

Dl  j 

0101 

D2  ( 

Four  preset  depth  commands. 
These  commands  will  also 

0110 

D3  i 

start  propulsion  motor. 

0111 

D4  ) 

1000 

Start  Homing 

1001 

Stop  Homing 

1010 

Alert  Acknowledged 

1011 

Send  Status  Data 

1100 

Spare 

1101 

Spare 

1110 

Spare 

mi 

Stop  Propulsion  Motor 

V5: 
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code  indicatin':  the  desired  number  of  steps.  A  l-bit  hi  nun  number  does  not 
allou  sufficient  incremental  .V  steps  for  a  ISO  turn  which  will  prohub  1\  be 
a  fairly  common  command.  \  weight  i  11  jj  scheme  that  o\ercomes  this  problem  will 
be  used.  Starting  from  tiie  most  significant  bit,  the  weighting  for  the  l-bit 
positions  will  be  -10,  JO,  10  and  5  tops  with  a  0  in  all  l-bit  positions  indi 
eating  a  single  3  step.  Iiiis  permits,  with  a  single  command,  large  heading 
changes  in  multiples  of  1 5r  up  to  a  maximum  of  ISO  while  still  providing  for 
small  heading  corrections  in  3  increments.  Ihe  magnitude  of  a  single  up  or 
down  step  is  adjustable  (from  approxi match  ('.1  to  0.(>-l  ft/step).  Ihe  number 
of  steps  per  command  is  coded  the  same  as  for  heading  changes. 


5.11  EMEIUIENO  RECOVERY  IMNC.LR 

The  emergency  recover  pinger  is  motuited  in  a  special  housing  within 
the  flooded  tailcone.  The  commercial  unit  selected  for  this  application  is 
self-contained  in  a  cylindrical  shape  1  inches  long  and  1.3  inches  in  diam¬ 
eter.  It  is  self-act  i  vated  by  immersion  in  salt  water  and  puts  out  a  few 
millisecond  wide  pulse,  once  or  twice  a  second  at  a  frequency  of  37  kite.  Its 
in-water  output  signal  level  (peak  value  during  pulse)  is  approximately  (>S  dli 
(ref.  1  ubar  at  1  yd)  and  it  has  an  operating  life  of  J 1  days  on  its  internal 
battery.  To  increase  reception  range,  a  corrosion  link  release  mechanism  has 
been  designed  to  allow  the  unit  to  drop  from  its  housing  on  a  tether  line 
(normally  coiled  in  the  back  of  the  bousing)  to  a  depth  of  several  hundred 
feet  below  the  vehicle  after  an  immersion  period  of  approximately  14  hours. 
This  link  will  be  replaced  before  each  run.  Hie  primary  battery  power  source 
will  also  be  replaced  after  each  run. 


6.  ARCTIC  TliSTS  Ob  l JARS  SUBSYSTEMS 


By  March  of  1971,  t lie  design,  development,  and  testing  of  UAKS  acoustic 
subsystems  had  progressed  to  the  point  where  tests  in  the  arctic  under-ice 
medium  were  necessary  to  resolve  questions  relating  to  the  physical  proper¬ 
ties  of  the  transmission  medium,  the  signal  return  character  of  the  ice 
undersurface,  and  effectiveness  of  subsystem  signal  processing  and  valida¬ 
tion  logic.  Tests  of  hydrohole  cutting,  thermal  coring,  and  hydroholc  heat¬ 
ing  techniques  were  also  necessary.  These  tests  were  conducted  during  an 
April  field  trip  to  the  Naval  Arctic  Research  Laboratory  and  lletclier's  Ice 
Island,  T-3. 

6.1  THERMAL  CUTT1XC  Ob  SEA  ICE 

Hie  UARS  system  requires  a  nominal  I  x  12  ft  rectangular  hydroholc  in 
the  ice  for  normal  vehicle  launch  and  recovery.  Holes  must  also  he  made  for 
inserting  the  acoustic  transducers  (associated  with  the  vehicle  tracking, 
command  guidance,  and  communication  system)  through  the  sea  ice  and  n  non¬ 
destructive  technique  is  required  for  recovering  this  instrumentation  after 
it  has  frozen  into  the  ice.  In  the  event  of  a  system  failure  wherein  the 
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IJAHS  is  unable  to  return  to  t lie  recovery  hole,  the  vehicle  will  eventually 
come  to  rest  against  the  ice  undersurface  where  it  can  be  located  with  the 
emergency  recovery  acoustic  system.  A  recovery  hole  must  be  made  of  suffi¬ 
cient  diameter  to  adequately  clear  the  vehicle  appendages  and  to  allow  diver 
entry  into  the  water. 

Our  approach  to  the  problem  of  hole  making  involves  the  use  of  thermal 
energy  to  melt  a  groove  in  t he  ice  of  the  desired  core  (or  frozen-in  body) 
shape.  If  the  groove  is  cut  completely  through  the  ice,  the  body  or  core 
may  be  removed  by  lifting.  Lifting  is,  of  course,  required  for  recovery  of 
frozen- in  objects.  If  a  hole  is  desired,  disposal  of  the  core  by  pushing  it 
downward  through  the  ice  until  it  tips  over  and  comes  to  rest  on  the  ice  un¬ 
derside  is  a  very  efficient  technique.  Figure  6.1  illustrates  the  force- 
displacement  relationship  for  two  methods  of  recovering  a  solid  ice  core. 


Figure  <>.l.  Force  Comparison  of  Lifting  vs  Submerging  ice  Core 
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Pushing  the  core  through  the  liole  bottom  requires  about  1/S  the  mux imum  force 
and  1/4  the  energy  involved  in  lifting,  further,  a  man  can  "push  down"  (c.g., 
climb  a  ladder- like  pole)  with  a  maximum  downward  force  equal  to  his  weight, 
but  his  lifting  ability  is  limited  to  a  force  of  about  half  his  weight.  In 
the  case  of  10- ft  thick  ice,  to  which  figure  o.l  applies,  a  200  pound  man 
could  dispose  of  a  core  whose  cross  sectional  area  is  about  5  square  feet. 

The  technique  employed  to  melt  the  desired  groove  shape  employes  heat 
transfer  from  warmed  water  in  direct  contact  with  sea  ice  to  cause  melting 
in  a  shape  or  core  determined  by  the  distribution  manifold  for  the  delivered 
water.  The  melt  water  is  recovered  by  a  suction  intake  whim  is  mounted  di¬ 
rectly  above  the  delivery  manifold.  The  excess  melt  water  is  discarded  and 
heat  is  supplied  to  the  remaining  water  which  is  recirculated.  It  is  very 
desirable  to  keep  the  groove  "dry"  in  that  unnecessary  heat  transfer  to  the 
groove  sides  is  prevented  and  since  no  water  contacts  the  groove  sides  above 
the  suction  intake,  re  freezing  of  the  core  to  the  ice  is  impossible.  The 
object  of  the  experiments  was  to  verify  the  feasibility  of  this  approach  in 
the  arctic  environment  and  to  determine  the  configuration  of  delivery  port 
placement,  flow  rates,  and  suction  intake  elevation  for  optimum  vertical 
cutting  speed  and  groove  width. 

The  experimental  apparatus  consisted  of  a  pa  with  vertical  tubular 
vents,  sized  to  fit  over  a  three  burner  Coleman  gasoline  stove  which  had 
been  modified  to  mount  three  generator  systems  (equivalent  heat  output  of 
three  stoves  of  this  type)  which  transferred  approximately  25,000  Btu  per 
hour  to  the  working  fluid.  These  generator-burner  assemblies  were  coupled 
to  a  fuel  tank  made  from  a  5  gallon  fire  extinguisher  bottle.  \  pair  of 
small  electric  motor-driven  pumps  (approximately  2  gallons  per  minute  ca¬ 
pacity  at  5  foot  head)  were  used  to  supply  heated  water  through  a  delivery 
hose  to  the  cutting  head  and  for  returning  working  fluid  to  the  heating  pan 
by  means  of  an  intake  base.  The  heat  source,  pan  and  pump  system  were  mount¬ 
ed  in  an  insulated  open  top  box  and  arranged  in  such  a  manner  that  snow  could 
be  melted  for  startup  and  that  waste  heat  during  this  period  would  warm  up 
the  motor-pumps.  The  hoses  were  natural  rubber  with  an  insulation  system  of 
"space  blanket"  material  covered  with  a  protective,  waterproof  plastic  sheath. 
An  electric  heating  cable  was  wound  directly  on  the  hoses  under  the  insulation 
system  so  that  the  hoses  could  be  thawed  if  frozen. 

The  maximum  heat  transfer  rate  obtainable  with  the  experimental  system 
was  25,000  Btu  per  hour  which  is  equivalent  to  the  energy  requirements  for 
melting  about  2.5  cubic  feet  of  0°l:  sea  ice  and  discharging  00° I-  melt  water. 

Our  first  experiment  at  Barrow  utilized  a  10-inch  square  cutting  head 
(made  of  1-inch  diameter  electrical  conduit)  with  4S  exit  holes,  of  0.002 
inch  diameter,  equally  spaced  on  the  lower  side.  A  1/2- inch  diameter  suc¬ 
tion  nozzle  was  mounted  above  t he  cutting  head  on  the  side  opposite  the  de¬ 
livery  hose  port.  The  apparatus  was  set  up  in  the  middle  of  the  salt  water 
lagoon  adjacent  to  the  Naval  Arctic  Research  Laboratory.  'I he  snow  to  start 
the  system  was  melted  and  brought  to  1 00 0 1  in  about  50  minutes,  (hitting  was 
started  and  a  4-foot  long  core  was  removed  45  minutes  later,  figures  0.2 
and  6.5  illustrate  the  cutting  process  and  the  equipment  setup  (after  break¬ 
through).  Ibo  width  of  the  cut  was  about  1-7/S  in.  for  the  first  0  inches. 
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At  this  depth,  the  hot  water  in  the  tank  at  the  start  of  cutting  was  depleted 
and  steady  state  heat  transfer  conditions  were  achieved.  The  width  of  cut  be¬ 
low  0  inches  was  excessive  (greater  than  4  inches).  During  the  steady  state 
operation  of  this  test,  the  temperature  difference  between  suction  and  deliv¬ 
ery  was  22°l-  with  72  T  water  delivered.  The  water  level  was  kept  well  above 
the  suction  intake  (by  varying  pump  speed)  at  all  times. 

further  tests  indicated  the  desirability  of  keeping  the  water  level  as 
low  as  possible  in  the  hole,  restricting  the  water  flow  to  obtain  the  highest 
delivery  temperature  consistent  with  the  largest  temperature  difference.  On 
8  April  the  system  was  set  up  on  the  sea  ice  west  of  the  N'Akl.  run  way .  A  12- 
inch  square  cutting  head  was  used  with  the  suction  pump  operating  at  maximum 
capacity  .and  delivery  pump  flow  rate  reduced  so  that  large  amount s  of  air  were 
ingested.  Setup  and  snow  melting  consumed  about  1/2  hour,  and  *23  minutes  later 
a  core  03  x  9-1/2  inches  square  was  removed,  leaving  a  13-3/4  inch  square  hole 
in  the  ice.  The  core  could  easily  have  been  pushed  down  but  it  was  removed  for 
inspect i on. 

At  T-S,  a  hole  about  15  inches  square  was  made  in  15-1/1  feet  of  sea  ice 
(Colby  l?ay)  in  0-1/2  hours.  The  core  had  4"  pounds  of  buoyancy  and  was  easily- 
pushed  through  the  hole  bottom  to  leave  a  clear  working  hole  which  was  subse¬ 
quently  used  in  acoustic  experiments  (described  later  in  this  section).  During 
the  cutting  process,  the  core  was  severely  eroded  by  water  circulation  toward 
the  single  point  of  suction  intake.  This  problem  was  alleviated  by  mounting 
an  intake  manifold  similar  to  the  cutting  manifold  directly  above  the  latter, 
allowing  approximately  1/4  inch  clearance  between  the  two  tubes.  A  square 
cutting  head  so  modified  and  a  linear  cutting  bar  3-1/2  feet  long  were  fabri¬ 
cated  from  conduit  at  T-S  and  used  to  cut  the  bottom  out  of  a  conventionally- 
excavated  hvdrohole.  This  4  x  4-foot  hole  had  been  dug  to  a  depth  of  19-1/2 
feet.  The  final  1-1/2  feet  to  the  sea  were  cut  with  some  boot-strapping  of 
the  suction  return  line.  The  lift  required  from  the  hole  bottom  to  the  level 
of  the  suction  pump  was  about  22  feet,  which  was  beyond  the  pump  capacity. 

It  was  necessary  to  place  another  pump  in  series  with  the  suction  hose  and 
suspend  it  a  few  feet  above  the  hole  bottom.  On  breakthrough,  this  motor- 
pump  was  rapidly  hoisted  to  clear  the  incoming  water.  The  linear  cutter  bar 
was  used  to  cut  the  sides  of  the  block  between  holes  made  in  the  comers  by 
the  modified  square  cutting  head. 

Hie  experimental  system  performed  closely  to  the  theoretical  limits  im¬ 
plicit  in  the  thermodynamic  principle  involved.  The  "dry  hole"  appioach 
proved  effective  even  though  operations  were  accomplished  with  ice  and  ambi¬ 
ent  temperatures  (at  the  surface)  as  low  as  - 2 7°  1-  (15-1/4  foot  hole  test). 
During  all  of  the  tests,  the  rather  trivial  heat  source  cut  a  2-inch  wide 
slot  whose  length- depth  product  exceeded  10  feet  square  per  hour.  To  melt 
and  discharge  this  volume  of  sea  ice  required  a  minimum  energy  of  about 
16,000  Btu  per  hour.  The  energy  input  of  the  gasoline  heater  to  the  working 
fluid  was  never  more  than  25,000  Btu  per  hour,  and  was  estimated  to  be  some¬ 
what  less  than  20,000  Btu  per  hour  during  most  of  these  tests  due  to  fouling 
of  two  generators.  A  design  utilizing  propane  as  a  fuel  source  and  having 
an  energy  output  about  six  times  greater  than  the  experimental  device  is  be¬ 
ing  prepared.  The  heater  and  associated  pump  equipment  will  be  contained  in 
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roughly  a  30- inch  cube  and  weigh  about  300  pounds.  Such  a  system  should  melt 
a  2- inch  groove  whose  length-depth  product  is  in  excess  of  50  feet  square  per 
hour.  A  4- foot  square  by  20- ft  deep  hydrohole,  with  the  core  cut  into  four 
square  columns,  could  he  made  with  such  a  device  in  about  5  hours.  The  force 
required  to  push  out  the  individual  ice  columns  would  be  about  500  lb. 


IIYOKOIULI:  MA I NTHNANC1: 

lests  were  conducted  to  determine  whether  the  experimental  ice  thermal 
cutting  system  described  above  might  be  suitable  for  preventing  hydrohole 
free coup.  During  operations  with  UARS  in  the  central  Arctic,  it  is  esti¬ 
mated  that  the  equivalent  of  2  kW  of  electric  power  would  be  required  to 
keep  the  4  x  12  foot  hydrohole  dimensional ly  stable.  Heating  hydroholes  by 
electrical  means  with  a  power-distribution  system  such  as  at  T-3  utilizes 
only  about  121  maximum  of  the  thermal  energy  available  in  the  fuel.  Direct 
use  of  the  fuel  source  should  be  from  five  to  seven  times  more  efficient. 

The  experimental  heat  source  for  the  thermal  cutting  experiment  was 
used  at  minimum  power  level  (equivalent  to  about  1  kW)  which  was  more  than 
sufficient  to  maintain  hole  size  in  the  15-inch  square  hydrohole.  During 
this  test,  water  was  simply  recirculated  from  the  hvdrohole  to  the  heater 
and  back,  through  the  pair  of  hoses.  A  similar  experiment  was  tried  in  a 
larger  hydrohole  at  T-3,,  using  a  circulating  pump  and  hoses  connected  to 
a  heat  exchanger  made  from  a  .30- foot  coil  of  1/2-inch  copper  tubing.  The 
makeshift  heat  exchanger  transferred  heat  to  the  water  from  the  room  air 
near  the  heating  stove  at  better  than  5000  Btu  per  hour  (1.5  klV)  rate,  h'e 
propose  to  use  this  approach  to  keep  the  UARS  hvdrohole  open  since  the  room 
furnace  is  reasonably  efficient  at  utilizing  the  fuel  energy  (perhaps  65- 
"0j)  and  the  electric  pump  power  is  less  than  200  IV.  An  example  of  fuel 
saving  possibilities  for  conventional  hydroholes  based  on  a  year  around  av¬ 
erage  hole  heating  maintenance  budget  of  1  kh'  electrical  power  is  revealing. 
Consider  a  diesel  generating  plant  with  diesel  operation  at  0.6  lb  of  fuel 
per  horsepower  hour,  a  generator  efficiency  of  70 »,  a  transmission  line  ef¬ 
ficiency  of  7,>«,  a  hot  air  furnace  efficiency  of  65«  and  an  average  circu¬ 
lating  pump  power  of  40  IV.  The  annual  net  fuel  saved  by  this  technique  would 
be  2o  barrels  per  hydrohole  based  on  an  average  1  kW  heat  demand. 


(>.3  ACOUSTIC  SYSTEMS  TESTS 

6.3.1  TKACRTNC  AND  COMMUNICATION  SYSTEM 

This  system  utilizes  digital  instructions,  phase  modulated  on  a  50  kHz 
carrier  pulse,  to  convey  guidance  instructions  to  UARS  and  obtain  return  ver¬ 
ification  of  acceptance,  compliance,  and  execution  of  the  instructions.  The 
return  verification  is  t ransmi tted  from  the  UARS  at  previously  synchronized 
times  so  that  range/ range  tracking  information  is  also  carried  by  the  pulse 
from  UARS.  This  same  pulse  is  used  to  transmit  selected  data  in  near  real 
time  for  use  in  experiment  control. 
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The  expected  range  of  this  system,  ;it  the  signal  levels  employed,  was 
1  nautical  mile.  The  prototype  system  was  tested,  us  ins  1.2  msec  pulses  which 
carried  12  hits  of  information  and  transmitted  at  the  rate  of  2  pulses  per  sec¬ 
ond,  from  a  sea-ice  station  outside  Colby  Hay,  a  distance  in  excess  of  I  mile 
from  the  base  hydrohole.  It  was  determined  that  the  prototype  design  was  suc¬ 
cessful  and  that  the  information  transmitted  could  be  recogni  id,  decoded,  and 
displayed  with  sufficient  redundancy  in  the  validation  logic  that  errors  were 
essentially  eliminated.  I.rrors  can  come  from  near- ice  echoes,  in-water  pulse 
deterioration,  multipath  interference,  or  insufficient  s i gna 1- t o-noi se  ratio. 
Unfortunately,  an  intermittent  l-C  failure  in  a  ring-counter  circuit  of  the 
code  transmitter  limited  the  test  time  that  the  preset  code  was  correctly 
transmitted.  However,  in  all  cases,  the  receiver  rejected  as  invalid  all  spur¬ 
ious  transmissions.  The  tests  indicated  that,  to  a  distance  somewhat  more  than 
I  mile,  tracking  and  guidance  would  he  adequate,  despite  the  presence  of  the 
ice-water  interface,  where  total  water  depth  is  i«()()  ft  or  greater. 

The  applicability  of  this  system  to  200-foot  water  depths  such  as  those 
encountered  in  the  marginal  ice  .one  wi 1  I  he  investigated  daring  "12  experiments 
scheduled  for  August  1971. 

6.3.2  OBSTACLE  AVOIDANCI  AN|>  UNUlik- I  Cl:  PRO  I- 1 1.1  Nm 

Those  systems  have  much  in  common,  since  both  scan  the  undersurface  of 
the  ice. 

The  avoidance  system  operates  at  3o0  kl Iz ,  looks  directly  forward  with 
a  narrow  beam,  and  is  intended  to  alert  the  UAHS  tc  ice  keels.  The  profiling 
system  operates  at  500  kill  and  looks  directly  upward  with  a  raster  of  narrow 
beams  to  obtain  detailed  information  on  the  under- ice  profile,  both  systems 
require  that  the  pulse  sire,  shape,  and  frequency  he  appropriate  to  a  precise 
and  reproducible  determination  of  the  water-ice  interface.  The  tests  included 
a  slow  scan  of  the  rmder-ice  surface  by  each  system,  from  vertical  to  horizon¬ 
tal  in  several  directions  as  illustrated  in  figure  6.4.  No  change  in  design 
approach  or  logic  was  indicated. 

One  of  the  logic  requirements  for  both  the  profiler  and  obstacle  avoid¬ 
ance  is  that  the  pulse  reflected  off  the  ice  be  distinguished  from  small  scat¬ 
tered  in  the  medium.  Tor  example,  the  echo  (or  reverberation)  pulse  length 
from  a  single  fish  is  related  to  the  sire  of  its  abdominal  cavity,  while  the 
reverberation  pulse  length  from  the  ice  is  a  function  of  the  sonar  beam  width, 
the  grazing  angle,  and  backscattcr  strength  of  the  surface.  The  UAHS  obstacle 
avoidance  and  profiler  beams  are  very  narrow  and  side  lobes  arc  well  suppressed. 
Backscattcr  tests  for  both  systems  were  made  to  verify  the  adequacy  of  the  design. 

figure  6.5  illustrates  a  typical  reverberation  pulse  length  measurement 
as  a  function  of  nominal  grazing  angle  with  the  ice  undersurface.  In  this 
example,  a  200  psec,  110  dll  pulse  was  transmitted  from  a  very  narrow  (4° 
beam  width)  transducer  whose  side  lobe  suppression  was  greater  than  30  dll. 

The  transducer  was  suspended  40  ft  below  the  ice  undersurface.  The  pulse 
length  is  taken  to  be  the  continuous  time  during  the  reverberation  return 
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REVERBERATION  PULSE  LENGTH.  MSEC 


Figure  6.4.  Variable  Grazing  Angle  Acoustic  Test  Arrangement 


Figure  6.5.  Typical  Reverberation  Pulse  Length  Measurement 
as  a  Function  of  Nominal  Grazing  Angle  with  the 
Ice  Undersurface 
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that  the  signal  exceeds  a  trip  threshold  set  approximately  20  dB  above  sys¬ 
tem  noise.  The  dashed  curve  indicates  the  length  of  reverberation  pulse 
that  would  be  expected  based  upon  transducer  directivity  and  grazing  angle 
with  a  flat  (but  rough)  reflecting  surface. 

The  transducer  support  structure  interferred  with  measurements  near  the 
90°  grazing  angle  (normal  incidence).  However,  it  can  be  seen  that  the  re¬ 
verberation  pulse  lengths,  defined  as  above,  are,  in  all  measured  cases, 
greater  than  2  msec,  which  represents  the  return  from  an  object  about  4  ft 
long.  'Ihis  satisfies  the  validation  requirements  (pulse  length,  1  msec) 
implemented  in  the  design. 

The  roughness  of  the  surface  was  sufficient  to  give  adequate  buckscatter 
signal  out  to  a  range  in  excess  of  500  ft,  even  at  a  grazing  angle  very  close 
to  0°. 

The  individual  reverberation  signals  at  less  than  the  critical  angle  of 
incidence  (approximately  50°)  showed  consistent  evidence  of  signal  penetra¬ 
tion  to  the  air-ice  surface.  Unfortunately,  the  dynamic  range  of  the  receiver/ 
recording  system  was  not  great  enough  to  allow  the  complete  envelope  of  both 
pulses  to  be  preserved. 

6.3.3  HOMING  SYSTEM 

This  system,  operating  at  28  kiiz,  is  intended  to  return  the  UARS  to  the 
launching  hole  for  recovery.  It  requires  the  execution  of  two  functions  which 
merge  at  some  intermediate  range. 

The  long  range  function,  for  attracting  the  vehicle  from  a  distance  of 
2-3  miles,  must  reach  beyond  the  range  of  the  tracking  and  communication  sys¬ 
tem.  At  this  long  range,  a  highly  precise  aim  toward  the  recovery  hole  is  not 
necessarily  required,  and  the  logic  requirements  for  signal  detection  and  re¬ 
acquisition  search  in  the  event  of  signal  loss  are  quite  different  from  those 
for  short  range.  At  short  range,  the  same  homing  electronics  must  precisely 
and  automatically  guide  the  UARS  into  the  recovery  net  beneath  the  launch/ 
retrieval  hydrohole,  and,  in  case  of  a  miss,  the  vehicle  must  quickly  recog¬ 
nize  this  fact  and  immediately  begin  reacquisition  search  for  the  target  beacon 
in  the  capture  net. 

The  tests  utilized  four  locations,  400,  6500,  11,000  and  about  15,000  ft 
from  the  base  camp  hydroholc. 

The  bearing  measuring  transducers  were  mounted  on  a  pipe  suspended  50  ft 
below  the  bottom  of  the  ice.  The  pipe  was  rotated  to  train  the  transducers 
in  the  desired  direction.  The  applicability  of  CIV  transmission  to  the  short 
range  control  function  was  first  tested,  with  updating  of  homing  control  about 
10  times  per  second.  A  strong  and  stationary  acoustic  standing  wave  pattern 
existed  immediately  below  the  ice  in  the  near  field  (within  a  radius  of  a  few 
hundred  feet)  of  the  homing  beacon.  This  gave  ambiguous  hearing  information 
except  where  the  homing  receiver  hydrophones  included  the  homing  beacon  with¬ 
in  a  quadrant  ±45°  from  the  0°  relative  bearing  axis.  Outside  of  this  sector, 
moreover,  the  rate  of  change  of  the  indicated  bearing  was  several  times  greater 
than  the  rotational  rate  of  the  training  mechanism. 
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Pulsed  transmission  tests,  with  the  beacon  and  receiver  at  depths  where 
di root  and  reflected  pulse  overlap  could  not  occur,  were  conducted  at  the 
<>500,  15,000  and  11,000-foot  ranges.  The  first  test  at  6500-foot  range  gave 
excellent  results.  Reflected  pulses  from  the  near  vertical  wall  of  the  ice 
isl  aid  at  its  junction  with  Colby  hay  were,  in  some  instances,  sensed  as  true 
beacon  targets,  since  on  an  individual  pulse  basis,  they  met  the  frequency, 
pulse  length,  amplitude  criteria  of  the  prototype  system.  Small  changes  in 
depth  of  the  receiving  hydrophones  caused  large  changes  in  apparent  target 
bearing  on  these  false  signals.  The  beacon  was  moved  to  15,000-foot  range 
but  was  not  detected  by  the  homing  system.  The  beacon  was  brought  into  clos¬ 
er  range,  about  11,000  feet,  where  an  open  lead  was  found.  The  reception 
was  satisfactory  and  the  results  were  similar  to  that  obtained  at  the  6500- 
loot  range.  Hie  beacon  source  level  was  94  dll  {.ref  1  pbar  at  1  yd);  4-mscc 
pulses  were  transmitted  at  a  rate  of  two  pulses  per  second.  The  received 
signal  was  observed  to  have  a  level  of  -2  dB  re  1  pbar.  This  indicates  an 
absorption  loss  of  (>  dB  per  kyd  which  was  slightly  higher  than  expected.  Dur¬ 
ing  the  Puget  Sound  tests,  the  absorption  losses  were  about  1.5  dB  per  kyd 
less  because  of  the  higher  water  temperature,  which  accounts  for  the  difference 
in  ma.ximu’i  working  range  at  the  two  locations. 

These  tests  indicated  the  necessity  of  utilizing  pulse  transmission  to 
avoid  the  standing  wave  problem.  Hie  output  of  the  steering  hydrophones  was 
recorded  during  these  tests  so  it  became  possible  to  test,  in  the  Laboratory, 
different  types  of  validation  logic  based  upon  the  homing  geometry  with  ac¬ 
tual  under- ice  transmitted  signals.  The  present  homing  system  design  described 
in  section  5."  reflects  this  approach. 


V 


n: 


\ri-mv  “ids 


RE1T.RHNCES 


1.  Nodland,  W.H.,  "A  General  Description  of  the  Self-Propelled  Underwater 
Research  Vehicle  fSPURV),"  APE-UN  Report  6814,  17  Ma>  1968 

2.  Pederson,  A.M.,  "A  Digital  Depth  Reference,"  APL-U1V  Internal  Report 
6813,  8  February  1968 

3.  NodlaJid,  W.E.,  "An  Analysis  of  the  Depth  Control  System  for  a  Self- 
Propelled  Underwater  Research  Vehicle  Utilizing  the  Dual  Input  Describing 
function"  a  thesis  for  the  degree  of  Master  of  Science  in  Electrical 
Engineering,  University  of  Washington,  1965 

4.  Satcr,  .1.1:.,  'The  Arctic  Basin,"  Arctic  Institute  of  N'orth  America, 
Tidewater  Publishing  Corp. ,  May  1963 

5.  Pederson,  A.M.,  "SPURV  Instrumentation  System,"  AP1.-IJW  Internal  Report 
6815,  4  March  1968 


APl.-UW  710S 


SURFACE  EFFECT  VEHICLES  FOR  ARCTIC  PERSONNEL 


Victor  M.  Center,  Professor 
Juris  Vagners,  Assistant  Professor 
Department  of  Aeronautics  and  Astronautics 
University  of  Washington 

June  1971 


Advanced  Arctic  Technology  Program 

THIS  RESEARCH  WAS  SUPPORTED  BY  THE  ADVANCED  RESEARCH  PROJECTS  AGENCY 
OF  THE  DEPARTMENT  OF  DEFENSE  AND  WAS  MONITORED  BY  ONR  UNDER  CONTRACT 
NO.  N00014-67-A-0103-0016. 


Division  of  Marine  Resources,  University  of  Washington 
Seattle,  Washington  9810S  Phone  (206)  543-6600 


BLANK  PAGE 


SURFACE  EFFECT  VEHICLES  FOR  ARCTIC  PERSONNEL 
Victor  M.  Center,  Professor 
Juris  Vagners,  Assistant  Professor 
Department  of  Aeronautics  and  Astronautics 
University  of  Washington 
Seattle,  Washington 

In  this  report  are  presented  analyses  of  potential  Arctic  scientific 
Surface  Effect  Vehicle  (SEV)  missions,  available  engineering  design  data, 

Arctic  SEV  test  experience  and  preliminary  design  specifications  for  two 
typical  scientific  mission  profiles  In  the  Arctic.  From  analysis  of  scientist 
response  to  SEV  utility  for  their  Investigations,  It  became  apparent  that 
a)  scientists  would  use  any  mschlne  In  which  they  had  confidence:  b)  no 
clearly  defined  research  projects  could  be  Identified  requiring  high-speed 
travel  over  large  distances  on  the  Ice  pack;  c)  the  effects  of  the  vehicle's 
own  environment  on  potential  experiments  to  be  carried  out  using  the  vehicle 
as  a  mobile  platform  are  completely  unknown;  and  d)  many  scientists  felt  that 
their  lmmsdlste  goals  did  not  justify  the  expense  Involved  In  developing  an 
Arctic  SEV  solely  for  research  missions.  The  current  state-of-the-art 
engineering  data  avallsble  for  design  of  new  vehicles  for  the  Arctic  environ¬ 
ment  was  reviewed.  Severe  deficiencies  exist  In  actusl  flight  test  verifica¬ 
tion  of  theoretical  design  curves  for  performance  analysis;  evaluation  of  data 
available  on  Arctic  SEV  operations  Indicate  a  degradation  of  speed  and  range 
capability  to  SOX  of  theoretical  predictions.  The  lack  of  specific  engineering 
design  data  feedback  available  for  future  designs  leads  to  a  set  of  recommended 
flight  tests  which  sre  considered  to  be  the  vital  link  in  developing  new  con¬ 
cepts  and  technology  for  Arctic  vehicles.  To  aid  in  the  technology  evaluation 
two  typical  potential  scientific  mission  profiles  were  utilized  to  develop 
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preliminary  SEV  designs.  These  preliminary  designs  served  chiefly  to  focue 
the  principal  problem  areas  Involved  In  developing  Arctic  SEV's. 

Introduction 

The  prlndpel  goels  of  the  Surfece  Effect  Vehicle  mission  and  technology 
study  phase  of  ARPA  Contract  No.  N00014-67-A-0 10 5-0016,  entitled,  "Advanced 
Arctic  Technology,"  were  e)  e  well-defined  set  of  mission  sped fleet ions  as 
determined  by  specific  Arctic  scientific  missions;  b)  crltlcel  problem  eress 
In  SEV  technology  as  defined  by  the  mission  and  environmental  constraints, 
and  c)  explicit  problem  statements  and  research  proposals  for  their  resolu¬ 
tion,  During  the  course  of  this  study,  emphasis  on  these  goels  shifted  as 
Information  was  acquired;  the  redonele  of  the  study  and  the  focus  of  effort 
will  be  outlined  In  this  section  with  specifics  of  the  study  contained  in 
later  sections. 

1.  SCIENTIFIC  MISSIONS 

In  order  to  compile  e  set  of  scientific  mission  profiles,  scientists  were 
approached  with  requests  for  their  specific  mobility  and  load  needs.  Unfor¬ 
tunately,  scientists  do  not  visualise  their  missions  In  lbglsd.es  terms,  as 
Is  necessary  for  vehicle  mission  specifications.  At  the  time  of  this  study 
many  scientists  had  their  attention  focused  on  the  AIDJEX  Program  (Arctic  Ice 
Dynamics  Joint  Experiment  -  Ref.  1).  This  mission  appears  to  be  representa¬ 
tive  of  the  needs  of  e  majority  of  current  research  needs  and  hence  was  chosen 
for  one  preliminary  design  study.  A  second  class  of  missions  fells  into  the 
general  supply  category,  hence  leading  to  the  Arctic  freighter  concept,  the 


other  preliminary  design  study  presented  in  this  report.  Since  large  supply 
operations  in  the  Arctic  have  been  carried  out  to  date  with  0130  aircraft, 
aoet  load  requirements  were  related  to  0130  capabilities. 

The  following  general  conclusions  emerged  during  this  early  mission 
specification  study:  a)  scientists  would  use  any  machine  in  which  they  had 
confidence;  b)  few  clearly  defined  research  projects  could  be  identified 
requiring  high-speed  travel  over  large  distances  on  the  ice  pack;  and  c) 
many  scientists  felt  that  their  immediate  goals  did  not  justify  the  expense 
involved  in  developing  an  SEV  solely  for  research  missions.  Reservations 
about  the  unknown  effects  of  the  vehicle's  own  environment  on  potential 
experiments  to  be  carried  out  using  the  vehicle  as  a  mobile  platform  were 
expressed.  Since  a  majority  of  scientists  approached  on  this  problem  had 
considerable  Arctic  experience,  the  importance  of  simplicity,  reliability, 
safety  and  all-weather  operational  capability  was  repeatedly  stressed.  It 
was  felt  that  an  Arctic  research  team  WJ'th  minimum  supporting  personnel  and 
facilities  could  not  depend  on  any  vehicle  in  the  developmental  stages  due 
to  the  hazards  of  the  environment. 

In  conclusion,  it  is  noted  that  almost  any  large-scale,  high-speed 
scientific  mission  envisioned  could  be  considered  in  the  same  class  as  any 
of  the  military  missions  previously  proposed.  A  rather  extensive  list  of  such 
missions  has  been  already  compiled  through  previous  studies. 

In  order  to  identify  the  critical  technology  areas  in  Arctic  research 
SEV  development,  it  was  decided  to  carry  out  preliminary  designs  on  the  two 
typical  vehicles  identified  for  the  A1DJEX  mission  and  for  Arctic  scientific 


logistic*.  Parallel  to  this  study*  an  evaluation  of  the  operational  experience 
with  SEV's  In  the  Arctic  wan  undertaken.  This  approach  was  chosen  since 
literature  study  and  critical  exaalnatlon  of  the  "Recommendations  for  an  Arctic 
Research  Program  In  Support  of  tha  Dealgn  of  a  Surface  Kffect  Vehicle 
System"  submitted  to  ARPA  by  the  Arctic  restitute  of  North  America  gave  no 
Indication  that  "flight  test"  data  (aa  distinct  from  operational  test  data) 
has  been  acquired  during  the  Arctic  tests  to  date.  In  order  that  development 
of  new  and  novel  approaches  to  transportation  in  the  Arctic  proceed  on  a 
sound  basis,  the  actual  engineering  flight  performance  of  existing  machines 
must  be  measured  and  evaluated  and  these  evaluations  related  to  design 
performance.  Furthermore,  from  reported  test  results.  It  is  not  clear  whether 
current  SEV's  ere  suited  for  Arctic  operations;  moreover,  the  critical 
limitations  In  renge  and  velocity  and  their  relationship  to  vehicle  site  have 
not  been  rigorously  Identified.  Therefore,  it  Is  the  contention  of  this  report 
that  a  comprehensive  flight  test  program  designed  to  provide  engineering 
data  feedback  on  existing  machines  Is  of  primary  Importance  at  this  time. 
Conversely,  at  this  time.  It  appears  that  spsclflc  technological  problem  areas, 
l.e.,  skirt  materials,  navigation,  maneuverability,  etc.,  are  not  as  critical 
as  the  determination  of  actual  capabilities  and  how  thsoretlcal  performance 
Is  degraded  by  the  Arctic  environment. 

In  the  following  sections  of  this  report,  the  two  preliminary  design 
studies  are  presented.  These  studies  wsrs  conducted  primarily  by  two  senior 
students ,  Mr.  Lawrence  Pearson  and  Mr.  James  M.  Young,  in  a  dsslgn  class  In 
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the  department  of  Aeronautics  and  Astronautics.  Since  the  primary  purpose 
of  these  designs  was  to  Identify  the  shortcomings  of  available  design  informa¬ 
tion,  (and  not  to  achieve  complete  preliminary  designs)  the  results  are 
necessarily  brief.  The  results  are  presented  to  aid  the  reader  in  visualizing 
the  design  process  to  which  the  recommended  tests  described  later  apply. 

2.  PRELIMINARY  DESIGN  STUDIES 

Two  vehicles  were  considered,  one  of  which  was  to  support  the  AIDJEX 
(Arctic  Ice  Dynamics  Joint  Experiment)  program  as  defined  in  Reference  1, 
and  the  other  (called  the  Arctic  Scientific  Logistics  SEV)  which  was  sized 
to  support  a  more  extensive  effort  at  a  larger  distance  from  home  base. 

The  specifications  used  in  this  study  for  these  two  vehicles  were  as  follows: 


2.1  Specifications 

2.1.1.  Specifications 
Range,  max. 
Payload 
Design  speed 
Maximum  grade 
Skirt  height 


for  the  AIDJEX  SEV. 

1,000  statute  miles 
6,000  pounds 

30  miles  per  hour 
10% 

4  ft 


2.1.2.  Specifications  for  the  Logistics  SEV. 


Range,  max 
Payload 
Design  speed 
Maximum  grade 
Skirt  height 


2,000  statute  miles 
21,000  pounds 

50  miles  per  hour 
10% 

8  ft 


Originally,  the  range  of  the  larger  vehicle  was  set  at  2,000  nautical 
miles  plus  reserves,  but,  as  will  be  discussed  later,  this  range  was 
arbitrarily  reduced  In  light  of  the  requirements . 

The  speeds  and  area  loadings  were  kept  rather  low  for  several  reasons, 
among  them  that  past  experience  has  shown  that  high  speed  over  the  Arctic 
terrain  Is  difficult  to  maintain,  as  It  was  felt  that  the  large  air  velocities 
associated  with  large  plenum  pressures  might  bring  problems  of  snow  blowing, 
erosion,  etc.  Therefore,  a  maximum  plenum  pressure  of  about  50  lb/ft2  was 
set. 

2.2.  Results  of  the  Preliminary  Design  Study 
2.2.1.  Inputs  and  Assumptions 

Following  are  the  Inputs  and  assumptions  that  were  Introduced  into  the 
performance  equations.  In  defining  these  and  In  succeeding  sections,  the 
following  nomenclature  will  be  used: 

wo  Gross  weight,  lb 

W1  Gross  weight  less  fuel  weight,  lb 

WE  Empty  weight,  lb 

WPL  Payload  weight,  lb 

b  Beam,  ft 

l  length,  ft 

S  Base  area  of  plenum,  sq.  ft.  (taken  to  be  b&  In  this  report) 

C  Circumference  of  plenum  (taken  to  be  2(b  +  i)  In  this  report) 

A  Frontal  area,  used  as  reference  area  for  aerodynamic  drag 


°D 


>ov2 
2  0 


Height  of  bottom  of  skirt  above  ground,  ft 
Speed  of  SEV  through  air,  ft/sec 
Speed  of  SEV  through  air,  statute  mph 
Velocity  of  air  emerging  from  plenum,  ft/sec 
Discharge  coefficient  for  air  emerging  from  plenum 
Ambient  air  pressure,  lb/ft^ 

q 

Mass  Density  of  ambient  air,  slugs/ft 
Dynamic  pressure,  lb/ft 

Cushion  pressure,  gage  above  ambient  pressure  P0,  lb/ft2 

2 

Total  pressure,  static  pressure  plus  dynamic  pressure,  lb/£t 
Ram  efficiency,  defined  by  -  Total  Pressure  ahead  of  lift  fan 

•  Po  +  Vo 

Direct  efficiency,  defined  by  -  Cushion  total  pressure 
■  nD  (Total  pressure  behind  lift  fan) 

Propulsive  efficiency  (of  lift  fans  or  thrust  propellers) 

Drag  coefficient 


c'  Specific  fuel  consumption,  lb.  of  fuel  per  hour/horsepower 

yN  Friction  force  of  skirts  on  surface,  lb. 

Referring  to  the  above  list  of  symbols,  the  inputs  and  assumptions 

used  to  calculate  range  were: 

WE  *  0.6  for  all  machines 

W 

o 

WPL  *  6000  lb  for  small  machine 

**  21,000  lb  for  large  machine 
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Plan  form  -  rectangular  of  £  *  2b,  so 

S  =  2b2 

C  =  6b 

Height  =  ~  so 


—  =  0.01  (jj  =  0.01,  0.008,  and  0.005  used  in  study) 

Vo  «*  30  mph  for  small  machine 

=  50  mph  for  large  machine 
D  =  0.5 

p  2 

ro  *  2116  lb/ft  (standard  sea  level) 

po  =  .002378  slugs/ftJ  (standard  sea  level) 

CD  «=  0.35 

c'  *  0.5  lb  of  fuel  per  hour/horsepower 

pN  =0 

nR  *  0  (nD  =  0  and  1  used  in  study) 

nD  =  0.98  (rip  *  0.98  and  1  used  in  study) 

nP  *  0.70  (np  =  .7  and  1  used  in  study) 

2.2.2.  Results 

Results  are  in  two  categories;  first  are  the  vehicles  resulting  from  the 
preliminary  design  study,  and  second  are  the  results  of  studies  when  some  of 
the  design  parameters  were  varied  to  obtain  trends. 

The  smaller  or  AIDJEX  machine  has  the  following  dimensions  and  weights: 

Length  37  ft 
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Width 


20  ft 


I 

I 

I 

I 

I 

I. 


Height  17  1/4  ft 

Skirt  height  4  ft 

Cabin  dimensions 

length  15  ft 

width  10  ft 

height  7  ft 

floor  area  139  sq  ft 

Gross  weight  28,600  lb 

Empty  weight  17,200  lb 

Fuel  weight  5,400  lb 

Payload  weight  6,000  lb 

Base  area  596  sq  ft 

Frontal  area  200  sq  ft 

(skirt  inflated) 

o 

Cushion  pressure  48  lb/ft 
Lift  fan  diameter  4  ft 
Propeller  diameter  8.5  ft 
Horsepower  826 

Cruise  speed  30  MPH 

Maximum  grade  10% 

Range  1,000  miles 

The  larger  or  logistic  SEV  has  the  following  characteristics: 

Length  79  ft 

Width  39  ft 


**V 


Height 


36  ft 


Skirt  height 

8 

ft 

Gross  Weight 

145,000 

lb 

Empty  Weight 

87,000 

lb 

Fuel  Weight 

37,000 

lb 

Payload  Weight 

21,000 

lb 

Base  area 

3,000 

sq  ft 

Cushion  pressure 

48 

lb/ft 

Lift  fan  diameter 

7.5 

ft 

Propeller  diameter  8 

ft 

Horsepower 

Lift  2  engines  at  1200  HP  each 
Propulsion:  2  engines  at  1640  HP  each 
Cruise  speed  50  MPH 

Maximum  grade  10% 

Range  2,000  miles 

Other  results  are  presented  in  figures  1  to  3.*  These  figures  show 
results  for  rather  low  base  loadings.  Figure  1  shows  the  variation  of 
optimum  velocity  with  base  loading  as  various  of  the  efficiencies  are  varied. 
Figure  2  shows  the  range  at  optimum  velocity  as  functions  of  these  same 
variables  as  well  as  with  height  above  the  surface.  Figure  3  shows  the  varia¬ 
tion  of  gross  weight  with  range  for  vehicles  carrying  6,000  lb  payloads  at 
30  MPH  and  21,000  lb  payloads  at  50  MPH. 


the  figures  appear  on  pages  24  -  28 


2. 3  Discussion 


The  it cue  which  were  felt  to  bo  of  primary  importance  in  the  consideration 
of  SEV's  for  Arctic  work  were  range,  speed,  and  cushion  pressure.  The  range 
was  dictated  by  the  alsslon.  The  velocities  were  arbitrarily  chosen  rather 
low  as  experience  has  shown  that  It  Is  difficult  to  maintain  high  speed  over 
auch  of  the  Arctic  terrain  especially  with  s  small  machine.  Therefore  the 
range  was  optimised  around  velocities  of  30  MPH  for  the  smaller  machine,  and 
50  MPH  for  the  larger  machine.  The  cushion  pressures  were  arbitrarily  kept 
below  50  lb/ft  because  of  lack  of  Information  as  to  the  pressures  ceoftble  of 
being  supported  by  the  snow  fields  and  Ice  packs  In  the  Arctic.  It  is  possible 
that  even  these  pressures  are  too  high. 

With  these  choices  made,  the  range  equation  was  developed  under  the  following 
assumptions: 

1)  The  machine  stays  close  enough  to  the  ground  that  it  can  be  considered 
a  plenum  machine. 

2)  The  power  required  to  sustain  or  lift  the  machine  is  Independent  of 
forward  speed  at  the  rather  low  speeds  used  In  this  study. 

3)  The  aerodynamic  lift  Is  zero. 

4)  The  surface  over  which  the  machine  operates  is  smooth  and  level. 

5)  Propulsive  efficiencies  of  lift  and  propulsive  fans  are  equal. 

With  these  assumptions,  and  using  the  nomenclature  on  page  5,  the  range 

equation  below  may  be  developed. 

Total  Power  ■  Lift  Power  +  Power  due  to  Ram  Drag  + 

Power  due  to  Aerodynamics  Drag  + 

Power  due  to  Contact  Friction. 
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The  following  equations  were  used  for  these  various  terns: 


Lift  Horsepower  ■ 


Ram  Drag  Horsepower 


T)V>c( 

o.v#l  1 

S“SO  rj 

p 

• 

Aerodynamic  Drag  Horsepower  • 


$5*0 


Friction  Horsepower  * 


P 


In  the  above  equations,  since  aerodynamic  lift  Is  considered  to  be  zero,  the 
lift,  which  is  equal  to  weight  Is 
W  -  pcs 

V 

and  thus  pc  may  be  replaced  by 
The  fuel  used  is 

cl  V 

Pounds  of  fuel/hour  "(Horsepower)  c' 

°r  dt  *  -  dW  hours 

(Horsepower)  c' 


The  range  la 


•fi* 

W. 

*  [- 

J'  (HP)  C 


illea  If  V  la  allea/hour  and  dt  Is  hours 
o 


W) 

"l 

Combining  the  above  terns,  one  gets  for  the  Range  equation,  changing  weight 


variable  to  j 


The  Inputs  listed  on  pages  6*8  were  used  In  this  equation  and  the  equation 

Integrated  to  give  basic  plots.  It  Is  to  be  noted  that  the  range  was  obtained 

W1 

for  various  values  of-jj —  ,  since  fron  this  value  It  Is  easy  to  obtain  the  weight 

© 

of  the  nachlne  needed  for  a  certain  range  If  the  payload  Is  known,  since 


Ml  ■  *E  +  WPL 

w 

Using  the  assumption  that  &  Is  Independent  of  the  size  of  the  machine, 


and  only  a  function  of  the  state  of  the  art  (and  thvs  time) 
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w 

Thus,  to  get  range  one  may  pick  Che  value  of  1  off  a  graph  aC  Che 

W 

o 

U  U 

proper  _o  ,  obcaln  _E  from  experience  (.6  was  used  in  Chls  study),  and 

S  W 

o 

Wf  is  ImmedlaCely  available  for  any  payload. 


In  Chls  scudy  lc  was  assumed  ChaC  Che  machine  would  be  kepc  aC  a 


conscanc  velocicy. 


An  examination  of  the  results  shows  several  important  trends: 

Figure  2  shows  that  the  range  with  reasonable  efficiencies  is 

about  half  of  that  with  all  efficiencies  equal  to  one.  Actually,  on  these 

figures,  the  duct  efficiency  of  NQ  -  .98  is  probably  r jt  realistic  for  all 

y 

values  of  __o,  since  this  makes  the  duct  losses  essentially  independent  of 
W  S 

o.  which  is  not  strictly  correct.  However,  the  trends  are  correctly  displayed. 
S 

figure  3  shows  that  It  Is  very  difficult  to  make  an  SEV  with  low 
speed  and  low  base  area  loading  have  largit  range.  It  was  originally  desired 
to  have  a  range  of  2500  nautical  miles  or  2880  statute  miles,  but  at  the 
speeds  and  loadings  chosen  this  proved  to  be  impossible.  Therefore,  to 
go  far  one  must  have  large  loadings  and  go  fast,  which  may  be  difficult 
over  the  terrain.  Better  Information  regarding  attainable  speeds  and 
allowable  base  area  loadings  must  be  available  for  the  design  of  machines 
for  Arctic  service. 

3.  OPERATIONAL  TESTING  OF  SEV's  IN  THE  ARCTIC 

3.1  Results  from  Operational  Tests  of  SEV's  in  the  Arctic  Environment* 
Operational  tests  of  SEV's  In  cold  environments  have  been  performed 
In  the  past  -  to  date  reports  on  nine  such  tests  exist.  The  most  completely 
documented  tests  were  performed  by  the  Canadians  on  a  SR.N5  and  on  SR.N6 
hovercraft  at  Tuktoyaktuk  and  Churchill  respectively.  In  these  tests 
cognizance  was  taken  of  the  results  of  previous  cold  weather  experience. 
Chronologically,  one  may  outline  the  major  tests  in  an  Arctic  environment 
as  follows: 


*  A  comprehensive  summary  of  the  SEV  Arctic  experience  is  available  in  a 
report  to  ARPA  from  The  Arctic  Institute  of  North  America  ,  Ref.  2. 
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1)  August,  1964,  a  3  ton  SK-3  operated  by  CRREL  on  the  Greenland  ice 
cap  around  Camp  Century,  total  time  about  30  hours. 

2)  February,  1966  a  SR.N6  operated  by  the  Swedish  Navy  on  the  Baltic, 
total  time  unknown. 

3)  April,  1966,  a  SR.N5  operated  by  the  Canadian  and  British  government 

jointly,  on  and  about  the  McKenzie  river  delta  near  Tuktoyaktuk,  total 

(3> 

time  about  100  hours. 

4)  October,  1966,  commercial  operation  in  Cook  Inlet,  details  unknown. 

5)  February,  1967,  a  Bell  SK-5  operated  by  Bell  Aerosystem  on  Lake 
Erie,  time  unknown. 

6)  January,  1968,  a  SR.N6  operated  by  the  Canadian  Dept,  of  Transport 

(4) 

near  and  about  Churchill,  about  130  hours. 

7)  February,  1968,  a  Bell  SK-5  operated  by  the  Canadian  government 
and  Bell  Aerosystem  on  Lake  Erie,  time  unknown. 

8)  March.  1968,  a  SR  ,N6  operated  by  the  Finnish  government  on  the 
Baltic,  time  unknown. 

9)  Two  SR.N6's  operated  commercially  on  the  Alaskan  North  Slope, 
details  unknown,  1969  to  present. 

Of  these  tests,  none  were  specifically  designed  to  evaluate  applicability 
of  SEV's  to  remote  ice  pack  operations  such  as  vould  be  required  for  Arctic 
research  projects.  Although  terrain  selection  encompasses  the  anticipated 
environment  of  most  Arctic  scientific  missions,  the  most  prominent  drawback 
of  these  tests  was  the  (extensive)  use  of  helicopters  for  terrain  and  path 
reconnaisance.  Thus,  actual  capability  in  speed  and  range  is  difficult  to 


assess  from  the  test  results.  This  aspect  will  be  discussed  In  a  latter 
part  of  this  report. 

Since  experience  has  shown  that  to  obtain  maximum  range  an  SEV  must 
go  as  fast  as  possible*,  the  actual  speeds  attained  in  the  Canadian  tests 
bear  examination.  The  advertised  maximum  speeds  of  the  SR. NS  and  SR.N6 
are  76  and  69  knots  respectively.  The  best  average  speed  recorded  by  the 
SR. NS,  with  the  exception  of  two  runs  under  special  circumstances,  was 
39.8  knots  over  a  distance  of  73  nm.  In  every  case  the  average  speed  was 
on  the  order  of  31  to  40  knots,  or  roughly  half  the  maximum.  Since  the 
range  is  specified  for  operation  in  calm  air  over  a  smooth  surface,  the  range 
and  speed  performance  evaluation  for  typical  Arctic  operations  needs  to  be 
modified.  No  specific  data  on  average  speeds  was  given  in  (4)  for  the  SR.N6 
trials;  however,  it  is  noted  that  for  the  first  half  of  the  trial,  craft 
speed  was  restricted  by  the  manufacturers  to  30  mph  (or  26  kn)  over  any 
solid  surface.  Further,  this  restriction  was  removed  by  pilot's  request  and 
"slightly  higher  speeds  were  maintained  when  the  pilots  felt  the  surface 
being  crossed  was  not  too  hazardous."  In  high  speed  runs  over  a  prepared 
surface  the  average  was  about  30  knots.  Indications  are  given  of  the  range 
limitations  of  the  SR.N6  by  the  fact  that  the  craft  rarely  averaged  better 
than  3  gal/mile  giving  a  range  of  88  miles.  It  is  interesting  to  note 
that  the  theoretical  estimate  of  fuel  consumption  for  the  SR.N6  at  55  mph 
(47.6  kn)  is  about  1  gal/mile;  actual  tests  over  land  on  a  known  course 
gave  2.42  gal/mile.  No  general  conclusions  can  be  drawn  from  the  SR.N6 


*Since  a  large  fraction  of  engine  power  goes  into  the  lifting  fan,  fuel 
consumption  Increases  only  slowly  with  forward  speed. 


f2?-  17 


data  concerning  the  scaling  of  theoretical  range  and  speed  performance  - 
such  information  is  vital  if  the  craft  is  to  operate  on  its  own  without 
intensive  helicopter  support  and  on  some  established  schedule. 

Since  the  efficiency  of  an  SEV  increases  with  increasing  AUW  (all-up 

W 

weight)  one  is  concerned  with  the  actual  n  compared  to  the  theoretical 

values.  The  advertised  value  for  the  SRN-5  at  V  =76  kn  is  3.89;  in  Fig. 

4  are  shown  results  from  the  tests  at  Tuktoyaktuk.  It  is  clear  that  realiz¬ 
able  range  is  about  half  the  theoretical  (Fig  5,  6)  since  average  performance 
W 

n  is  2  or  less  at  realizable  speeds  over  non-prepared  terrain. 

Furthermore,  to  extrapolate  test  results  to  form  reasonable  bounds  on  general 
theoretical  estimates,  more  data  are  required  on  different  configurations 
and  sizes  of  vehicles. 

In  analyzing  the  primary  effects  of  terrain  during  these  trials,  the 
basic  rule  of  thumb  for  negotiating  ridges  appears  to  be  verified:  the 
craft  can  negotiate  ridges,  protrusions  etc.  that  are  less  than  70%  of  the 
skirt  height  ignoring  the  potential  dangers  of  skirt  damage  due  to  obstacle 
roughness.  The  principal  difficulties  arose  from  the  limited  maneuverability  of 
the  SEV  in  negotiating  rough  terrain.  Picking  a  path  through  ice  blocks  becomes 
a  time-consuming  task  when  the  "clear  space"  decreases  to  vehicle  dimensions. 

Of  more  significance  is  the  problem  of  crossing  terrain  depressions,  such  as 
ditches  or  hollows  with  characteristic  dimensions  less  than  those  of  the 
vehicle.  Sudden  loss  of  cushion  pressure  could  result  in  a  serious  accident; 
this  possibility  caused  the  pilots  to  be  extremely  cautious  in  approaching 
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known  depressions.  Crevasses  or  narrow  leads  in  the  ice  pack  could  be 
difficult  to  detect  under  in-service  operations  and  hence  present  a  real 
danger.  Some  experience  in  this  regard  has  been  accumulated  during  the 
commercial  operations  on  the  Alaskan  north  slope  where  sharply  cut  creeks 
in  the  tundra  have  on  numerous  occasions  endangered  the  vehicle  and  occupants. 
These  creeks  often  could  not  be  detected  until  past  the  safe  avoidance  distance 
for  the  craft. 

Navigation  capabilities  of  the  SEV  are  difficult  to  assess  from  reported 
tests  since  these  relied  rather  heavily  on  helicopter  support  and  known 
principal  landmarks  or  routes.  Neither  would  be  available  during  remote 
pack  ice  operations,  so  the  question  of  performance  degradation  under  more 
severe  conditions  remains  open.  Both  of  the  Canadian  tests  reported  that 
aircraft  radio  was  not  satisfactory  for  communications  and  that  radar  was 
effective  for  both  navigation  and  steering;  however,  neither  test  included 
substantial  offshore  sorties. 

The  tests  were  possibly  most  valuable  in  determining  the  type  of 
winterization  that  an  Arctic  Sev  should  have.  Material  problems  concerning 
the  skirt  system  are  discussed  in  great  detail  in  Ref.  3  and  4  as  well  as 
physical  craft  protection  systems.  Also  clearly  defined  is  the  need  for 
a  dual  engine  craft,  particularly  for  missions  without  close  helicopter 
support.  Extrapolating  this  conclusion,  it  seems  logical  to  incorporate 
back-up  systems  to  all  critical  components. 

As  a  final  note  on  the  test  results,  handling  characteristics  are 
discussed.  In  many  respects,  problems  principally  identified  with  other 


aspects  of  SEV  operation  should  really  be  related  to  handling  capabilities. 
Fundamental  to  all  the  operation  phases  are  stopping  distances  or  accelera¬ 
tion  rates  and  turning  radii.  Even  if  one  is  able  to  develop  suitable 
navigation  instruments  to  pick  the  route,  the  current  turning  ability  would 
severely  limit  the  speed.  Since  for  craft  of  every  size  there  will  be  some 
terrain  features  that  have  to  be  avoided  and  the  maneuverability  problem 
becomes  worse  with  increasing  size,  simply  building  bigger  SEV's  with  higher 
skirts  will  not  resolve  this  problem. 

3.2  Suggested  Additional  Testing  of  SEV's  in  the  Arctic 
In  evaluating  the  available  results  from  Arctic  environment  SEV  tests  it 
becomes  clear  that  several  very  serious  gaps  exist  in  the  data.  These  all 
fall  in  the  general  category  of  engineering  flight  test  data  to  be  used  in 
evaluating  the  theory  used  in  the  design  of  the  specific  craft  tested.  It 
is  advised  that  the  next  series  of  tests  include  experienced  flight  test 
engineers  (with  aircraft  industry  flight  test  expertise)  and  that  the 
following  tests  be  incorporated  into  the  testing  program.  The  list  is  by 
no  means  exhaustive  but  should  serve  as  the  basis  of  a  more  complete  program 
to  be  devised  jointly  by  the  flight  test  engineer  and  a  design  engineer  with 
experience  on  the  particular  craft  to  be  tested. 

The  specific  engineering  performance  to  be  tested  is: 

.  Steady  performance  -  smooth  surface:  constant  velocity. 

Measure  power  inputs,  mass  flows,  velocities,  pressure 
distribution,  fuel  flow,  height  abovt?  surface  (define 
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a  standard  measurement),  machine  velocity  over  ground 
and  through  air,  cross-wind  drift  rates  and  correction- 
induced  roll. 

Dynamic  performance  -  rough  surface:  continuous  record 
of  items  listed  under  steady  performance  testing,  and  in 
addition,  accelerations,  angles  and  angular  rates  with 
terrain  characteristics.  One  should  have  enough  Information 
concerning  the  terrain  to  be  able  to  determine  the  power 
spectrum  of  the  terrain  as  well  as  the  power  spectrum  of 
the  performance. 

Stability  -  static  stability  defined  through  heave  stability, 

C  versus  angle  of  tilt,  lateral  and  directional  static 
m 

stability  and  control  if  possible.  Determination  of  transfer 
function  or  response  characteristics  to  impulse  and  step 
input  of  sufficient  magnitude  excursion  to  encompass  non- 
linearities  of  skirt  contact.  Stability  measurements  over  a 
random  surface. 

Control  -  linear  acceleration  in  starts  and  stops  under 
various  control  actions,  influence  on  craft  orientation, 
turning  performance,  lateral  acceleration. 

Navigation  -  effects  of  visibility  on  average  speeds, 
maneuverability,  effects  of  travel  over  unmapped  terrain, 
off-shore  operation  in  absence  of  landmarks,  geographic 
features,  evaluation  of  specific  navigation  systems  under 


adverse  conditions. 


In  summary,  the  following  quantities  should  be  measured: 


.  Power  input  to  fans  and/or  props 
.  Propulsive  efficiency 
.  Mass  flows  and  velocities  at  fan 

.  Pressure  distribution  under  the  machine  at  several  f'^nts 
.  Fuel  flow 

.  Height  above  surface  at  several  points  on  perimeter  under 
varying  operating  conditions  and  terrain 
.  Acceleration  at  center  of  gravity  and  pilot  station 
.  Craft  orientation  angles  and  angular  rates 
.  Velocity  of  machine  over  ground  and  through  air 
The  above  constitutes  an  extensive  testing  program  in  its  own  right, 
however,  it  is  felt  that  such  data  is  necessary  to  realistically  evaluate 
the  potential  of  the  SEV  in  the  Arctic  (much  less  to  carry  out  a  proper 
design) . 

3.3  Unsolved  Problems  and  Alternative  Transportation  Vehicles 
The  principal  problem  areas  thus  far  identified  are  concerned  with 
safety  and  dependability,  all-terrain  capability  in  uncharted  terrain, 
maintainability  far  away  from  enclosed  facilities,  susceptibility  to  damage, 
poor  fuel  efficiency  and  habitability.  As  more  results  from  Arctic  testing 
are  available  and  are  incorporated  into  a  craft  specifically  designed  for 
Arctic  use,  some  of  the  problems  discussed  may  be  solved.  However,  it  is 
felt  that  a  dependable  machine  for  support  of  scientific  missions  in  the 
Arctic  is  still  several  years  in  the  future  and  that  alternate  solutions 
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to  all-terrain  all-weather  travel  in  the  Arctic  should  be  investigated. 

Among  the  alternate  solutions  that  merit  further  exploration  are 
1)  STOL-VTOL  aircraft  with  all-weather  landing  systems  for  fast,  long 
range  operations,  and  2)  an  all-terrain  surface  vehicle.  The  all-terrain 
surface  vehicles  could  be  some  adaptation  of  the  amphibious,  articulated 
crawler  concept,  or  a  hybridization  of  a  number  of  these  concepts  including 
the  air  cushion.  From  the  viewpoint  of  dependability,  such  a  craft  would 
have  to  be  reliably  powered  and  equipped  with  self-rescuing  gear  (winches, 
anchors  etc).  In  discussion  with  scientists  engaged  in  Arctic  research 
it  became  apparent  that  such  a  vehicle  would  fulfill  an  urgent  need.  The 
necessary  technology  exists  for  such  a  vehicle  which  might  incorporate 
concepts  from  swamp  buggies,  lunar  rovers  and  jet-engine  trucks. 
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Figure  4.  Surface  Effect  Vehicles'  Range* 
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The  range  equation  used  here  is  the  Breguet  equation  and  reflects  the  overall 
efficiency  of  a  given  machine.  The  equation  of  p.  13  is  a  special  form  displaying 
component  efficiencies  and  their  effect  on  range. 
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PAYLOAD  WT 


ASSUMPTIONS: 


EMPTY  WT  =  .5  GROSS  WT 

FUEL  CONSUMPTION  =  .5  LB/HP/HR 


Figure  5. 


PAYLOAD  WT  =  3500  LB 

SUBMARINE  1000  LB 
BUOYS  500 

MISC.  EQUIP.  500 
4  MEN  &  GEAR  1000 
FOOD,  LIVING  500 

3500  LB 


Figure  6. 
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INTRODUCTION 


The  purpose  of  the  Advanced  Arctic  Technology  Program  at  the 
University  of  Washington  is  to  develop  new  techniques  and  new  devices 
to  make  scientific  observations  of  Arctic  oceanic  and  atmospheric 
parameters  in  a  more  synoptic  munner,  with  greater  precision  and 
accuracy,  and  in  n  more  expeditious  manner  with  decreasing  demands 
on  personal  discomfort  of  the  scientific  Investigators  and  diminishing 
risk  to  human  lifu. 

One  area  where  technological  advances  could  be  of  service  in 
furthering  scientific  observations  is  shelters  and  laboratory  modules 
suitable  for  deployment  on  floe  ice. 

The  choice  of  Arctic  shelter  depends  to  a  high  degree  on  the 
duration  of  the  stay  on  the  ice  field.  For  a  few  days  a  mountain 
climber  tent  or  snow  shelter  might  be  satisfactory,  whereas  for  a 
longer  period  of  time  improved  conditions  would  be  required.  The 
Insulated  tent  with  plywood  floors  such  as  the  Jamesway  tent  would 
be  sufficient  through  months,  but  in  a  comp  with  a  useful  lifetime 
of  ha 1 f  or  full  years  shelters  with  solid  walls  would  usually  be 
preferred. 

There  is  a  great  deal  of  literature  devoted  to  techniques  of 
designing  a  building  structure  suitable  for  the  Polar  environment — 
structures  to  be  constructed  on  permafrost  or  land  ice.  Good 
summary  descriptions  of  these  techniques  can  be  found  in  "Beard- 
more  Camp  ONE,  Antarctica",  by  James  J.  Lutz  in  the  "Military 
Engineer",  November— December  1970  and  "Mobile  and  Modular  Homes  for 
Cold  Regions",  by  David  Schaefer  in  the  "Northern  Engineer",  spring 
1971.  However,  none  of  the  techniques  described  therein  are  exactly 
suitable  for  buildings  to  be  deployed  on  floe  ice.  In  discussion 
with  many  scientists  and  engineers  with  Arctic  experience,  a  performance 
specification  was  derived  fur  structures  suitable  for  floe  ice  deploy¬ 
ment.  The  task  of  this  sub-project  of  the  Advanced  Arctic  Technology 
program  at  the  University  was  to  develop  a  technique  of  building  that 
would  result  in  the  closest  fit  to  that  performance  specification. 

In  addition  to  the  usual  requirements  for  thermal  qualities  and 
ease  of  transportation  that  any  building  suitable  for  high  latitude 
use  must  have,  structures  for  deployment  on  floe  ice  should,  if  possible, 
meet  these  further  requirements: 

1.  Be  deployable  by  aircraft  capable  of  landing  on  floe  ice. 

2.  If  delivered  to  the  site  in  assembled  (not  knocked  down)  shape, 
the  components  should  serve  as  cargo  containers  en  route. 

3.  Easily  assembled  on-site  by  persons  unskilled  in  the  building 
trades  and  while  wearing  mittens. 


4.  Easily  disassembled  and  reassembled  in  components  of  a  size  that 
can  be  moved  about  by  six  or  eight  men  without  the  assistance 

of  heavy  machinery  such  as  tractors. 

5.  Easily  disassembled  and  reassembled  in  components  capable  of 
being  lifted  by  helicopter. 

6.  Provide  some  protection  against  catastrophic  fire. 

7.  Be  inexpensive  enough,  when  produced  in  quantity,  to  be 
abandoned  if  a  salvage  attempt  would  risk  human  life. 

This  report  describes  a  construction  technique  that  could  produce 
a  modular  structure  that  meets  these  specifications. 

GENERAL  DESCRIPTION 

The  proposed  room  module  system,  the  F.O.L.A.K.  -  Module  system,* 
consists  of  8  by  8  by  8  ft.  room  modules  which  have  side  walls  but  no 
end  walls.  The  room  modules  can  be  closed  in  the  ends  with  separate 
8  by  8  foot  end  panels. 

The  two  parts,  room  modules  and  end  panels,  are  made  lightweight 
and  can  relatively  easily  be  pushed  or  pulled  in  place  by  four-five 
people . 

The  room  modules  can  be  connected  to  each  other  and  to  the  end 
panels  through  a  simple  buckle  connection.  It  only  takes  a  few  minutes 
to  connect  a  room  module  with  another  room  module  or  with  an  end 
panel. 

To  keep  the  room  modules  lightweight  the  side  walls,  the  floor,  and 
the  roof  is  made  as  a  continuous  sandwich  panel  consisting  of  polyurethane 
foam  with  aluminum  skin  inside  and  outside. 

The  end  panels  are  made  in  two  versions;  a  fireproof  end  panel 
made  of  steel,  asbestos,  and  fiberglass,  and  a  lightweight  end  panel 
made  of  wood,  polyurethane  foam,  and  aluminum.  Through  a  considerate 
combination  of  room  modules  and  fireproof  end  panels  the  total  shelter 
will  have  fire  walls  separating  the  various  zones  of  use. 

Doors  and  windows  can  be  placed  both  in  the  side  walls  of  the  modules 
and  in  the  end  panels.  In  the  fireproof  end  panels,  fire  doors  can  be 
Installed. 
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♦Portable  Observation  Laboratories  for  Arctic  Research  -  Modules 


DKSICN  I’RINC IPLES 


In  Arctic  design  it  is  seen  time  after  time  that  basic  design  principles 
can  have  apposite  requirements.  A  typical  example  is  that  all  rooma  'and 
buildings  should  be  built  close  together  for  minimizing  heat  loss,  but  be 
spread  far  apart  for  minimizing  fire  danger.  Following  all  the  design 
requirements  was  found  to  be  impossible,  so  the  final  design  is  therefore 
a  compromise  which  can  be  challenged  by  people  who  feel  that  the  selected 
compromise  should  have  been  more  in  another  direction. 

Ihc  goal  was  to  design  room  modules  which  easily  could  be  connected 
with  each  other  and  which  could  be  transported  by  medium  sized  helicopters. 

A  survey  of  existing  prefabricated  huts  made  both  for  commarcial  and 
military  purposes  did  not  reveal  any  system  which  satisfied  the  above 
mentioned  design  goal. 

Kxperts  Involved  in  the  design  and  construction  of  systems  with  more 
or  less  the  same  design  requirements  as  the  Arctic  modules  were  consulted. 

They  Included  the  fields  of  housetrailers ,  ships,  airplanes,  large  (heavy) 
containers,  and  smaller  (light  weight)  military  transportation  cases.  None 
of  the  existing  related  designs  could  directly  be  transferred  to  the  Arctic 
modulo  design.  For  example,  the  superb  fire  safety  in  ship  design  is  obtained 
at  the  cost  of  heavy  weight  materials,  and  the  lightweight  construction  in 
airplanes  is  made  without  sufficient  considerations  for  thermal  breaks. 

Having  not  found  a  construction  method  which  directly  could  be  transferred 
to  the  module  design,  the  emphasis  was  then  placed  on  seeking  out  materials 
which  might  be  useful  in  a  design  developed  especially  for  the  planned  modules. 

MATKRIAL  SKLECTION 

For  any  structure  which  will  be  subjected  to  rigorous  polar  conditions, 
the  choice  of  materials  is  no  less  important  than  the  actual  design  process. 

It  is  essential  that  the  designer  have  a  working  knowledge  of  the  physical 
characteristics  of  a  myriad  of  materials.  In  this  way  he  can  weigh  some 
against  others  and  arrive  at  a  structure  which  will  have  desirable  thermal 
and  structural  properties,  in  addition  to  any  specific  characteristics  of 
weight,  cost,  etc. 

After  consultations  with  representatives  from  the  shipping  and  aircraft 
industry  in  the  area,  it  was  decided  that  an  initial  module  prototype  should 
consist  of  two  monocoque  shells  with  some  kind  of  foam  core  in  between.  A 
sophisticated  form  of  tills  system  is  the  "stressed  skin  panel"  which  is 
eventually  partially  employed.  Because  thin,  light,  and  waterproof  shells 
are  desirable,  the  decision  was  made  to  use  either  molded  fiberglass  or 
aluminum  sheeting.  Botli  systems  are  re’atively  light,  but  the  final  decision 
was  to  use  aluminum  skins. 
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All  additional  materials,  such  as  edge  and  corner  reinforcements, 
gussets,  etc.  should,  not  to  complicate  the  matter,  either  consist  of  simple, 
traditional  materials,  easy  to  work  with,  or  of  prefabricated  shapes 

The  materials  chosen  are  in  view  of  limited  money  for  development  and 
limited  time  available  for  actual  construction.  Most  of  the  materials  can 
be  worked  and  assembled  by  no  more  than  two  people  in  a  simple  shop  with  a 
minimum  of  tools.  It  would  be  advisable  to  employ  different  systems  for 
future  prototypes  which  would  easily  lend  themselves  both  to  mass  production 
and  to  a  local  production,  for  example  at  the  Naval  Arctic  Research  Laboratory 
at  Point  Barrow,  Alaska. 

Aluminum  Skin 

To  insure  a  weathertight  shell,  it  is  bust  to  have  as  few  exterior 
joints  as  possible.  This  is  accomplished  by  the  use  of  trailer  roof  sheet. 

By  using  the  aluminum  in  full  module  width,  8  feet  (244  cm),  the  sheet  can 
be  wrapped  around  the  module  leaving  only  one  seam.  The  specific  type  of 
aluminum  chosen  is  alloy  3003  H16  in  a  thickness  of  .040".  This  aluminum 
is  relatively  inexpensive,  the  sheet  can  easily  be  bent  for  both  sharp  and 
round  corners,  and  it  is  relatively  easy  to  cut  and  work  with  while  providing 
good  rigidity  and  dent  resistance. 

Foam  Core 


It  was  decided  to  use  a  foam  core  which  not  only  has  excellent  thermal 
characteristics  but  also  has  admirable  structural  characteristics.  A  rigid, 
closed-cell  polyurethane  foam  satisfies  the  given  requirements  and  Is  used  in 
two  densities. 

In  the  corners  there  is  a  4  lb/cu.  ft.  foam  to  provide  extra  strength. 

In  the  walls  there  is  used  the  lighter  2  lb/cu.  ft.  foam  to  cut  down  on 
weight  where  excessive  strength  is  not  needed. 

The  closed-cell  foam  provides  a  natural  vapor  barrier  so  no  additional 
vapor  barrier  is  needed. 

To  prevent  thermal  shock  when  the  hot  foam  (about  250°  F/120°C)  comes 
in  contact  with  the  cooler  aluminum  skir.  (air  temperature  in  foaming  shop) 
with  the  result  of  poor  bonding  between  aluminum  and  foam,  a  special  primer 
is  applied  to  the  insides  of  both  aluminum  shells. 

Extruded  Aluminum  Corners 


To  reinforce  the  round  corners  in  the  aluminum  sheeting,  aluminum  was 
again  chosen  for  low  cost  and  high  strength.  The  choice  was  an  "off-the-shelf" 
extruded  shape  (ALCOA  die  45875)  which  has  exactly  the  radius  needed  ..nd  has 
a  y-web  reinforcement  to  distribute  load  and  take  the  stresses  from  the  corner 
lashing  rings. 


Wood  Edges  and  Steel  Gussets 


To  separate  the  skins  and  take  the  transverse  load  induced  through 
the  buckle  attachment  system,  two  end  frames  are  provided  on  each  module. 
Wood  is  chosen  for  its  versatility  and  simple  qualities  of  construction. 

The  use  of  wood  enables  the  frames  to  be  built  by  unskilled  labor.  The  type 
of  wood  chosen  was  Douglas  Fir  (coast  region)  clear  vertical  grain.  This 
wood  is  straight  with  no  knots  and  is  good  in  appearance.  A  1  x  4  (actual 
size  3/4  x  3  1/1!  in/19  x  89  mm)  acts  as  the  flange  and  a  2  x  4  ripped  to 
2  1/2"  (64  mm)  acts  as  a  web  and  provides  thickness  for  the  screws  from 
the  buckle  system.  To  stiffen  the  frame,  steel  angle  gussets  of  2  1/2  x 
1/4  in  (64  x  6mm)  flatbar  are  glued  and  screwed  into  the  wooden  web  in  the 
corners . 

Buckle  Connections 


To  provide  the  modules  with  a  strong  and  versatile  attachment  system, 
a  series  of  quick-dlsconnect  buckles  is  provided.  The  buckles  are  light  and 
strong.  The  size  chosen  is  easily  attached  to  the  wood  end  frames  and  they 
take  up  a  minimum  of  space.  The  buckles  are  placed  on  16"  centers  along  the 
module  to  module,  and  module  to  end  panel  joints  inside,  and  a  false  floor 
system  provides  a  smooth  floor  by  hiding  the  floor  buckles. 

Lashing  Rln^s 

In  order  to  puli  the  module  around  and  lash  it  during  transportation 
and  on  the  site,  lashing  rings  are  found  at  the  top  and  bottom  corners  of 
the  module.  Variable  length  lashing  rings  arc  placed  through  holes  in  the 
corner  reinforcement  and  outer  skin.  The  hard  plastic  shell  of  the  ring 
component  is  light  and  strong,  and  the  stainless  steel  ring  itself  resists 
the  forces  of  weathering.  The  ring  system  is  designed  to  fail  at  the  joint 
between  the  ring  and  the  plastic  shell,  so  that  no  damage  to  the  module  wall 
will  result.  The  lashing  rings  are  designed  for  use  in  refrigerated  shipping 
containers  and  therefore  minimize  heat  transfer  throi  ;h  the  wall. 

Weather  Joints 

The  joint  system  between  the  modules  and  between  the  modules  and  the  end 
panels  is  of  a  type  which  is  not  dependent  on  complicated  detailing  and  weather 
stripping.  Modules  may  be  in  outdoor  storage  in  the  snow  and  cleaning  of  the 
edges  should  be  made  without  destroying  the  Joint  detailing. 

On  the  prototype  module  various  weather  joint  systems  can  be  fastened  as 
inserts.  The  wood  edge  shape  is  for  that  reason  made  very  simple.  After 
testing  of  different  weather  joints  and  a  final  joint  type  is  selected,  the 
module  edge  can  be  redesigned  for  tills  joint  type  only. 
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CONSTRUCTION  PROCESS 


Forms 

When  construction  on  any  kind  of  prototype  begins,  it  should  be  clear 
whether  the  project  will  produce  large  quantities.  If  mass  production  will 
take  place,  then  expensive  forming  costs  can  be  spread  out  to  a  small,  amount 
per  unit  produced. 

For  this  project,  which  is  an  examination  of  various  technological 
applications  of  new  material  combinations,  eventual  mass  production  could  not 
be  assured.  Thus,  an  inexpensive  forming  system  which  is  versatile  enough 
to  adapt  to  any  design  changes  during  the  construction  of  the  first  module 
would  be  the  answer. 

To  avoid  the  great  amount  of  labor  required  to  build  forms  from  scratch, 
and  also  avoid  having  unusable  form  materials  to  take  care  of  at  the  termination 
of  the  program,  an  "off-the-shelf"  form  system  was  required. 

In  many  ways,  the  module  construction  of  aluminum  skinu  with  a  continuous 
foam  core  resembles  concrete  wall  construction.  Titus  came  the  idea  of  forming 
the  module  as  if  it  were  a  concrete  wall.  A  rental  transaction  therefore 
took  place  for  the  acquisition  of  forms  used  in  the  pouring  of  concrete 
walls. 

The  forming  system  consists  of  panels  8  feet  long  and  in  widths  of  12 
inches  and  24  inches.  The  fom  panels  are  treated  3/8"  in  plywood  sheets 
backed  by  steel  angle  reinforcing.  The  forms  are  placed  with  the  8  foot 
dimension  running  vertically  and  tied  to  each  other  through  holes  by  using 
small  steel  wedges.  At  the  outside  corners,  steel  angles  connect  panels 
perpendicular  to  each  other.  At  the  inside  corners,  a  special  corner  piece 
is  used.  At  12  in,  36  in,  and  72  in,  double  2x8  members  are  connected  to 
the  outside  face  of  the  forms  by  special  waler  fittings.  The  waler  2x8 
members  serv j  to  brace  the  panels  in  the  horizontal  direction  and  assure  a 
straight  wall.  At  the  top  and  bottom  of  the  forms,  the  inside  form  wall 
and  outside  form  wall  are  spaced  and  connected  by  ties  and  wedges.  Thus, 
the  2x8  bracing  holds  the  forms  tight  and  straight  both  inside  and  outside. 

The  form  work  is  built  up  so  the  open  ended  module  is  standing  on  one 
end  with  the  floor  and  ceiling  placed  vertical  together  with  the  two  side 

walls. 

Module  construction 

The  actual  building  of  the  module  wall  is  made  in  the  following  steps: 


1.  The  interior  form  is  assembled  on  a  flat,  hard  surface,  for  example 
on  a  concrete  floor. 


2.  The  inside  aluminum  skin  is  wrapped  around  the  interior  form.  The 
square  corners  are  in  advance  bent  on  a  standard  press  brake.  The 
seam  is  made  along  a  corner  and  riveted  tight  in  a  simple  lap 

(at  4  in/  10  cm  center-center).  The  seam  will  be  hidden  under  the 
future  raised  floor. 

3.  The  aluminum  corner  extrusions  with  parts  of  the  wooden  end  frames 
preassembled  is  pressed  toward  the  inside  aluminum  skin  from  all 
four  corners.  In  the  y-web  of  the  aluminum  extrusion  holes  are 
burnt  out*  for  added  foam  bond.  Close  to  each  end  of  the  extrusion 
are  drilled  holes  for  the  hidden  parts  of  the  lashing  ring  system. 

Wood  blocking  is  glued  to  the  y-web  at  the  lashing  ring  holes. 

Attached  to  each  end  of  the  aluminum  extrusion  are  pieces  of  the  end 
frames  extending  to  the  middle  of  the  module  wall,  floor  or  ceiling. 
The  exterior  wood  board  flange  is  continued  in  the  round  corner  inside 
the  aluminum  extrusion  in  a  3epcrate  piece  of  wood  cut  to  shape.** 

In  the  other  end  the  exterior  wood  board  flange  does  not  extend  to 
the  middle  of  the  module  wall.  It  is  replaced  with  a  gusset  piece 
made  of  the  same  dimension  material  connecting  the  end  panel  parts 
coming  from  each  module  corner.***  Both  preassembled  and  assembled  on 
site  wood  parts  are  glued  together  with  plastic  resin  glue.  The 
connection  of  the  end  frame  parts  to  the  aluminum  extrusion  is  made 
with  rivets  and  with  neoprene  base  glue.  The  same  glue  is  used  on 
the  inside  of  the  interior  wood  board  flange  for  connection  with 
the  inside  aluminum  skin. 

4.  All  surface  of  inside  aluminum  skin  and  corner  extrusions  which  will 
be  exposed  for  bonding  with  polyurethane  foam  is  covered  with  thermal 
shock  primer.  It  will  prevent  thermal  shock  in  the  foaming  process, 
a  condition  which  can  result  in  lack  of  bonding  between  the  foam 

and  aluminum.  Careful  application  on  the  inside  of  the  extrusion 
with  its  y-web  is  needed. 

5.  Module  wall  thick  foam  studs  4  by  4  inches  (about  10  x  10  cm)  cut 
of  polyurethane  sheets  are  glued  to  the  inside  aluminum  skin  from 
end  frame  to  end  frame.  T.iey  divide  the  wall  up  in  sections  for  the 
following  purposes:  a.  Separating  the  high  density  foam  along 

the  corners  from  the  low  density  foam  on  the  large  wall  surfaces 
between  the  corners,  and  b.  Dividing  the  wall  up  in  foaming  zones. 


*Drilling  was  found  to  be  too  complicated  because  of  the  curved  extrusion  shape. 

**Soft  plastic  sheet  in  the  same  thickness  and  height  as  the  flange  was  easy  to 
bend  in  place  but  was  for  other  reasons  not  found  usable.  For  example  the 
connection  method  decided  on  for  connection  of  the  wood  edge  system  to  the 
aluminum  extrusion  could  not  be  used. 

***Various  types  of  :uts  in  the  web  ends,  where  they  meet,  were  tried. 
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6.  Thermal  shock  primer  Is  applied  on  the  surface  of  the  outside 
aluminum  skin  which  will  be  exposed  for  the  polyurethane  foaming. 

7.  The  outside  aluminum  skin  is  wrapped  up  against  the  module  wall 
framing,  starting  from  a  future  bottom  corner.  To  secure  a  close 
connection  to  the  wall  the  exterior  form  panels  are  placed  gradually 
as  the  wrapping  takes  place.  Neoprene  base  glue  is  applied  on  all 
the  framing  parts  (aluminum  extrusions,  wooden  end  frames,  and  foam 
studs)  on  a  wall  side  immediately  before  the  aluminum  skin  Is  pressed 
up  against  It.  Between  the  exterior  round  corner  of  the  module  and 
the  square  corner  of  the  exterior  form  a  form  piece  shaped  to  follow 
the  round  corner  shall  be  Inserted.*  The  outside  skin  seam  is  made 
to  be  under  the  floor  with  overlapping  over  a  straight  side  of  the 
corner  extrusion.  Rivets  at  4  Inches  (10  cm)  center-center  fasten 
the  overlap  to  the  extruded  aluminum. 

8.  The  complete  form  work  with  the  module  wall  framing  Inside  shall  be 
adjusted  for  exact  square  shape  of  the  module  cross  section.  Outside 
and  Inside  form  bracing  can  be  placed. 

9.  Holes  for  Inserting  the  foaming  hose  through  the  web  in  the  wooden 
end  frame  can  be  made  in  advance  as  voids  in  the  web.**  Then  the 
actual  foaming  can  take  place.  The  form  work  can  be  taken  down 

48  hours  after  the  foaming  is  done. 

10.  Finishing  up  the  basic  module  consists  of: 

Fastening  corner  angles  over  the  exposed  edges  of  the  outside  and 
Inside  aluminum  skin. 

Fastening  two  2x4  foundation  runners  under  the  bottom  of  the  module. 

Fastening  buckles  for  the  module-to-module  and  module-to-end-panel 
closing  system  along  all  interior  edges  at  16  inches  (about  40  cm) 
center-center. 

Drill  and  cut  holes  through  the  outside  aluminum  skin  for  fastening 
the  lashing  rings  to  the  hidden  part  of  the  lashing  ring  system. 


*In  the  prototype  in  some  corners  triangular  cut  strips  were  used.  In  other 
corners  nothing  was  used. 

**In  the  prototype  holes  were  drilled,  2  for  each  foaming  section.  Hole 
diameter  same  as  the  web  height. 


Paint  the  exposed  parts  of  the  wood  edges  for  general  protection. 

Fasten  the  weather  joint  system  to  the  wood  edges. 

(The  wood  edge  corner  gussets  of  steel  can  be  placed  hidden  on  the 
"inside"  of  the  wooden  web  if  they  are  placed  before  the  assembly  of 
wooden  edges  and  aluminum  extrusions.  On  the  prototype  they  were 
placed  after  the  foaming  had  been  done.  For  giving  a  similar  shape 
all  the  way  around  the  wooden  edge  for  the  weather  joint  system, 
plywood  in  the  same  thickness  as  the  gussets  (1/4  in/6  mm)  was 
laid  in  on  the  web  between  the  gussets.) 

Painting  the  module  outside  in  a  highly  visible  red  color. 

11.  Additional  work  to  do  on  the  module  can  consist  of: 

Cutting  holes  for  windows  and  doors.  Install  the  windows  and  doors. 

Making  the  raised  floor,  with  or  without  built-in  utility  systems. 

Applying  final  wall  ,  ceiling  ,  and  flooring  materials  inside  the 
module. 

ADDITIONAL  BUILDING  COMPONENTS 

The  basic  module  consists  of  a  continuous  floor,  side  wall,  and  roof 
construction  only.  It  can  be  combined  with  other  modules  and  with  end  panels 

and  fire  end  panels  and  they  can  make  useful  room  systems.  It  can  satisfy 

most  of  the  shelter  needs  on  a  drifting  station  including  sleeping  quarters, 
laboratories,  and  mess  hall. 


In  actual  use  the  modules  can  through  different  additional  building 
components  be  made  to  fit  special  requirements.  Each  of  those  building 
components  require  special  studies  before  they  can  be  described  for  high 
Arctic  use,  and  for  that  reason  they  are  not  included  in  the  present  study. 


Some  of  the  more  Important  additional  building  components  are: 

1.  Raised  floor. 

A  floor  system  lifted  2-3  inches  (5  -  7.5  cm)  above  the  module  floor. 
The  lifted  floor  gives  advantages,  such  as  space  for  a  heated  sub¬ 
floor  and  space  for  pipes  and  conduits. 


'  10 


2 .  End  panels . 

Lightweight  end  panels  for  use  as  interior  partitions  or  as  exterior 
walls.  With  or  without  windows  and  doors. 

3.  Fire  end  panels. 

Fire  walls  built  up  of  materials  which  satisfy  requirements  similar 
to  those  used  for  passenger  vessels. 

4.  Exterior  windows  and  doors. 

Windows  of  a  size  and  type  which  are  useful  for  emergency  escapes 
but  which  do  not  have  less  insulation  value  than  triple  glazing. 

Exterior  doors  of  a  type  which  can  easily  open  both  out  (for 
emergency  escape)  and  in  (for  emergency  entrance)  without  regard 
to  the  different  snowdrift  and  ice  pedestal  conditions. 

5.  Utility  systems  I,  Water  and  sewer. 

6.  Utility  systems  II,  Heat  and  ventilation. 

For  ice  floe  shelters  located  on  ice  floes  of  typical  thickness 
(3*4  meter/  10*13  feet)  it  may  be  possible  to  develop  a  heat  pump 
system  taking  advantage  of  the  little  distance  between  the  very 
different  temperatures  which,  especially  in  the  winter  can  be 
found  in  the  air  above  the  ice  floe  and  in  the  water  below  the 
ice  floe. 

7.  Utility  systems  III,  Electricity. 

8.  Substructures  and  foundations. 

One  of  the  problems  connected  with  building  on  floating  land  ice 
and  sea  ice  is  the  pedestailing.  Research  into  substructures  and 
foundations  includes  studies  on  pedestal  skirting,  sled  runner 
systems,  and  suspension  systems  for  whole  building?. 
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THE  FOAMING  PROCESS . 
EQUIPMENT  PLACED  ON 
SMALL  FORK  LIFT. 


FABRICATED 

MODULE 


APPENDIX  I,  STRUCTURAL  THEORY 

The  design  of  Che  P.O.L.A.R.  module  Is  based  on  an  on-site  foaming 
process  resulting  In  a  continuous  foam  core  separating  the  two  aluminum 
skins.  Due  to  the  continuity  and  thickness  of  the  core,  the  module  acts  as 
a  rigid  frame  with  the  foam  and  aluminum  resisting  loads.  Two  design 
processes  are  employed  in  the  structural  calculations,  one  for  the  design  of 
the  flat  sections,  and  a  separate  one  for  the  design  of  the  corners. 

A.  The  design  of  the  flat  sections  (walls,  floor,  and  ceiling)  is 
based  on  stressed  skin  theory  where  the  flexural  behavior  of  the 
foam-aluminum  sandwich  panel  is  similar  to  that  of  a  wide  flange 
section. 

In  the  case  of  the  module  construction  used,  the  aluminum  skins  act 
as  flanges  to  take  tensile  and  compressive  stresses  Induced  by  the 
dead  and  live  loads.  The  core  of  foam  acts  to  Increase  the  moment 
of  inertia  of  the  section  by  separating  the  skins,  and  also  partici¬ 
pates  in  accommodating  the  forces  of  sher.r.*  Therefore,  the  design 
of  the  flat  sections  involves  the  determination  of  skin  thickness 
based  on  flexure.  Then  a  check  is  made  for  shear  in  the  core,  and 
foam-aluminum  bond. 

Design  of  aluminum  skin  based  on  buckling: 

t  -  W(L2) 

3  32,000t 

c 

t  *  aluminum  facing  thickness  (in) 
a 

W  -  uniform  distributed  load  (psf) 

L  -  span  (ft) 

t  ■  core  thickness  (in) 

c 

Design  of  foam  core  based  on  shear: 

t  -  WL 
c  168 

t  ■  core  thickness  (in) 

c 

W  -  uniform  distributed  load  (psf) 

L  ■  span  (ft) 

Design  of  foam  core  based  on  bond: 

The  use  of  the  thermal  shock  primer  insures  foam-aluminum  bond. 

Tests  at  the  site  showed  that  the  bond  is  such  that  shear  in  the 
core  will  always  govern. 


*In  actuality  the  foam  participates  some  in  resisting  bending,  thus  affording 
an  additional  factor  of  safety. 
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B.  The  design  of  the  corners  is  accomplished  by  straight  flexural 
behavior  calculations  of  the  cross  section.  Due  to  the  fact 
that  the  aluminum  skin  is  continuous  on  the  outside  and  inside, 
stressed  skin  behavior  can  not  be  assumed.  Any  compressive  or 
tensile  stress  induced  by  load  will  not  be  taken  up  through  the 
skins,  for  the  skins  will  Just  open  up  (pull  away  from  the  core). 
For  this  reason,  bending  moments  in  the  corners  are  assumed  to 
be  resisted  by  the  flexural  capacity  of  the  foam  core  only! 

Design  of  the  foam  core  based  on  bending: 

M  -  W(L2) 

14 

U  ■  distributed  load  (plf) 

L  -  span  (ft) 

S  -  M/f 

3 

S  ■  section  modulus  (in  ) 

H  ■  bending  moment  (lb  in) 
f  ■  bending  stress  (psl) 

S  -  b(h2) 

6 

3 

S  -  section  modulus  (in  ) 
b  -  bsse  width  (in) 
h  ■  section  height  (in) 

The  design  of  the  end  frames  is  based  on  the  assumption  that  the 
frames  themselves  do  not  participate  in  carrying  loads,  but  only 
serve  to  protect  the  foam  in  the  ends,  accept  the  screws  from  the 
buckle  fastening  system,  and  anchor  the  corner  extrusions  during 
the  foaming  process. 

The  design  of  the  corner  extrusion  reinforcement  was  somewhat 
simplified  and  the  results  of  future  tests  on  the  module  will 
prove  or  disprove  their  adequacy.  They  were  picked  as  an  "off-the- 
shelf"  item  to  fulfill  the  need  of  providing  dent  resistance  behind 
the  corners.  The  y-web  reinforcement  will  serve  to  distribute  the 
Impact  loads  that  might  be  received  on  the  corners,  while  at  the 
same  time  providing  an  anchor  for  the  container  lashing  rings  used 
at  the  corners. 
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The  design  of  the  container  rings  was  again  a  case  of  the  acquisition 
of  an  "off-the-shelf"  item  to  fulfill  specific  needs.  The  versatility 
of  the  ring  (variable  extension)  will  make  it  useful  for  many 
applications.  The  ring  itself  provides  a  1000  lb  tension  capacity 
when  properly  installed.  It  would  thus  appear  that  one  ring  would 
be  adequate  to  carry  the  800  lb  module  undek  the  most  extreme  loading 
conditions  that  could  be  imagined.  The  additional  rings  provided 
at  the  corners  are  for  stable  lashing  during  transportation. 


APPENDIX  II  STRUCTURAL  CALCULATIONS 
Roof  Loads 

material  dead  load  . .  15  psf 

snow  live  load . . . . . . .  . .  45  psf 

wind  suction  live  loud  .  -36  psf 

*worst  condition  is  combination  material  dead  load  and  snow  live 

load . 60  psf 

Windward  Wall  Loads 

material  dead  load  .  15  psf 

wind  live  load  .  42  psf 

*worst  condition  is  wind  live  load  only  .  42  psf 

Leeward  Wall  Loads 

material  dead  load  . . .  15  psf 

wind  suction  live  1  .  24  psf 

*worst  condition  is  wind  suction  live  load  only  .  24  psf 

Floor  Loads 

material  dead  load  .  15  psf 

floor  live  load  .  60  psf 

*worst  condition  is  material  dead  load  and  floor  live  load  .  75  psf 

Design  of  aluminum  skin  for  flat  sections  based  on  buckling: 

t  *  W(L2) 
a  32,000t 

assume  core  thickness  is  4  Inches. 

t  ■  (75  plf)  (6  feet2) 

32,000  (4  inches) 

t  ■  .021  inches 
a 

Design  of  foam  core  for  flat  sections  based  on  shear: 

t  -  WL 
c  168 

t  ■  (75  plf)  (6  feet) 

C  168 

t  ■  3  inches 
c 

O-ii 


Design  of  foam  core  corners  based  on  bending: 

Worst  moment  condition  at  top  of  windward  wall  due  to  wind  live  load 
(lateral)  only.  A  moment  of  501  lb  ft  (6012  lb  in)  tends  to  open 
this  corner  up. 

M  -  6012  lb  in 

S  =  M/f 

S  =  6012  lb  in/125  psi 
S  =  4d  in3 

S  =  b(h2) 

6 

4  in3  =  (12  in)  (h2) 

6 

2  2 
h  *  24  in 

h  *  5  inches 

GROUND  IMPACT  ON  MODULE 

The  worst  moment  in  the  panels  occurs  at  the  contact  point  with  the 
ground,  where  the  total  module  mass  contributes  to  the  bending  produced 
by  de-acceleration. 


Inflection  pts. 


assuming  uniform  panel  weight  in  lbs/ft  -  w 


Equating  M  safe  »  M  (ground  Impact) 


.62WL  -  7860K" 


W  ,  -  7860K** _ 

safc  .62  (8')  96“ 

v.*u  ■  “-1 

this  load  can  be  carried  elastically  upon  impact. 

W 

actual  ■  2  psf. 

hence  the  panel  can  withstand  approximately  »  16.1  psf.  ,  . 

2  psf  w 

■  8  g  deacceleration 


Corner  plates 


S 


M 


M.S  ! 
5.6K" 


yjcjnl  .  ,m  ln3 

20  ksi  (.281  in3) 

5600  lb  in  per  plate. 


for  two  plot*** 

N  ■  11,200k"  which  helps  stiffen  tbs  edges  locally,  since  this  Is 
the  equivalent  of  •  17  ladies  width  of  Module. 

(It  Msy  be  difficult  for  screws  to  develop  this  oouent.) 

corner  plate  - 
connector  fores  (screws) 

spawning  plate  dlaenslons  below: 


PC9.5"H.79P(7.5")+.50P<5.5")+.37PO.5M)+.17P<1.5")  •  5600  lb” 
20.16HP  -  5600  lb  in 

P  •  278  lbs  aaxiaua  screw  force. 

Use  16  gauge  wood  screws  2"  long 
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CONCLUSIONS 


Alum  ini* 


Based  on  the  buckling  formula,  an  aliainia  chicknasa  of  .021  inches  is 
all  that  is  required.  However,  based  on  possible  floor  point  loads  (desk 
legs  etc.)  and  puncture  forces  in  the  exterior  skin,  a  thickness  of  .040" 
will  be  chosen  having  a  good  puncture  resistance  of  ISO  psl  when  backed  by 
foam. 


Foam 

Based  on  thermal  Insulation  requirements,  only  2  inches  of  2  lb/cu  ft 
density  polyurethane  foam  is  needed  in  the  flat  sections. 

Based  on  foam  core  shear,  a  3"  thick  foam  cross  section  is  needed  in 
the  2  lb/cu  ft  density  for  the  flat  sections. 

Behavioral  analysis  of  the  module  under  impact  forces  is  based  on  an 
assumption  of  4  inches  for  the  flat  sections. 

Based  on  bending  in  the  core  at  the  corners,  a  cross  sectional  thickness 
of  5  inches  is  needed  when  4  lb/cu  ft  density  foam  is  used. 

Steel  Gussets 

It  is  seen  that  the  steel  gussets  alone  can  develop  more  than  the  needed 
moment  capacity  in  the  corners  (local  moment  only),  however,  the  screws  might 
have  trouble  in  enabling  the  gussets  to  attain  this  capacity. 

RECOMMENDATIONS 

Aluminum 


Use  .040"  to  insure  resistance  against  buckling  and  strength  against 
puncture  loads. 

Foam 


Use  4  inch  core  of  2  lb/cu  ft  density  in  flat  sections  to  insure  against 
shear  and  ptovidc  superior  rigidity  and  thermal  properties. 

To  maintain  a  uniform  cross  section,  use  a  4  inch  thick  core  in  the 
corners.  This  shall  be  of  4  lb/cu  ft  density  foam  and  rely  on  help  from 
wood  frames  and  steel  gussets  to  accommodate  bending  moment. 


St— l  ftWMtl 


To  gat  extra  help  froa  at— l  g— ta  in  raaiating  banding  in  cor— rs, 
u—  1$  acre—  (14  gauge  bp  1  1/2  1«)  inatcad  of  8  acre—  (14  gauge  by  2  in) 
to  lnaure  develop— nt  of  full  —ant  capacity  of  at— i  gua— ta. 

THOMAL  EXPANSION  AMD  CONTRACTION 

Therael  loduced  atrea— a  In  the  pa— la  will  reault  froa  differential 
expanaioo  and  con  tract  loo  d—  to  the  difference  in  teapereturea  o'/  the  two 
ekine.  With  the  pane la  teeted  at  Penney lvanle  State  University,  there  was 
no  appreciable  da— ge  to  the  pa—  le  after  2C  eye  lea  of  tea  pereture  changes 
over  a  range  of  1S0°F  (6S°C).  Any  differ— ce  in  teaperature  in  the  two  skins 
of  alualnua  will  caw t  a  bowing  of  the  entire  penal  toward  the  high  teaperature 
side,  which  Is  not  — cessarily  the  interior  of  the  structure.  This  deflection 
— y  be  calculated  according  to  the  following  equation. 

Bow*  (Inches)  •  .00C?L2F/t 
L  ■  panel  length  (f— t) 

F  ■  teaperature  difference  of  facings  (°F) 
t  ■  panel  thickness  (inches) 

To  check  for  p—  Bible  overstr— sing  of  the  skins,  — tch  the  yaicl 
thick— ss  and  sp—  on  the  graph  to  check  the  resulting  stress.  If  the  stress 
la  leas  than  the  4000  pal  allowable,  th—  the  panel  — y  be  attached  to  the 
building  In  — y  way.  If  the  pa— 1  is  stres— d  above  the  4000  psl  lovable, 
then  the  designer  — y  have  to  alter  the  thickness,  sp— ,  or  color  of  the 
p— el. 
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*bowing  in  an  unrestrained  panel 


Tncmji  Stress  Graph  * 


^  » 
•j  j 
-  *j 
.*  *•- 
c*  k. 
-j 

v 


—  *j 

;i 

ii  *- 
.  -> 

t_  o 


a  c 

>  c 

u  — 


j I lo«jp Ic  strosi 


0  2  «*  6  8  10  I?  14  16  18 

panel  length,  ft 


*  I.  Based  on  a  panel  with  a  dark-color  exterior  face.  (Different 
colon*  result  in  variable  degree*  of  heat  absorption  and 
reflection,  thus  affecting  the  thermal  regime  and  therefore 
any  induced  thermal  stresses.) 

2.  Based  on  temperature  difference  of  100°F  between  outside 
and  inside  face 


(Graph  from  Alcoa  Alplv  Panel  brochure) 


Free  deflection  fins)  required 
at  midlenjth  of  panel  to 
prevent  overstressing 


THERMAL  INSULATION 


Insulation  valuta  hava  bttn  dtttralntd  by  tha  available  data  on 
polyurathaaa  foan  and  alunlnun  that ting.  A  slnllar  type  of  panel  construction 
dsne  by  tha  Alunlnun  Coup any  of  Anarlca  (ALCOA)  and  tastad  at  Pannaylvanla 
Stats  University  showed  axes 1 lan t  behavior  of  tha  foan  alunlnun  sandwich 
panels  under  estreat  anblent  taaparatures.  The  Insulation  values  will 
renaln  stable  due  to  tha  fact  that  the  vapor  barrier  effect  of  the  closed 
cell  polyurethane  foan  will  not  absorb  water  which  would  decrease  the 
effectiveness  of  tha  Insulation. 

Heat  Tran anise ion  Values 

Alunlnun  -  faced  panel  with  designated  core  and  core  thickness  U-values.* 


COfV 

U  VStuM, 

U  VStuM 

eotywetiane 

1 

joa 

.iaa 

tea 

ia» 

t 

na 

071 

*H 

soa 

oao 

a 

aaa 

aaa 

an 

aaa 

aaa 

4 

aaa 

aaa 

4H 

sat 

aaa 

• 

aaa 

020 

OH 

aaa 

027 

a 

aaa 

.025 

•H 

aaa 

023 

7 

aaa 

021 

7H 

aaa 

010 

• 

aaa 

aia 

*U-values  based  on  stlkl  air  lnelde  and  15  nph  (7  m/sec)  wind  outside 
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APPENDIX  HI,  PROPERTIES  OF  ALUMINUM  AND  POLYURETHANE  FOAM 
PROPERTIES  OF  ALUMINUM  SHEETING  (Alloy  3003  H16) 

Physical 

Melting  range,  °F  .  1190-1210 

Electrical  conductivity  at  68°F  (20°C),  Z  of  CU . . .  46 

Thermal  conductivity  at  77°F  (25°C),  GGS  units . . .  42 

wt  per  square  foot  (.040"),  psf  . . 57 

Weather  Resistance 

Untreated  exterior  facing  . . . . good 

Treated  exterior  facing  .  excellent 

Mechanical  (Ale lad  3003-H16) 

Tensile  yield  strength,  ksi  . .  25 

Hardness  based  on  Brinell  number  for  10mm  ball  at  500  k(t  force  47 

Shear  strength,  ksi  . . .  15 

Fatigue  limit,  ksi  . .  10 

Compression  allowable  in  aluminum  face,  psi  . 4000 

Modulus  of  Elasticity,  psi  . .  10,000,000 

Safe  bearing  stress  for  1"#  circle,  psi  .  125 

PROPERTIES  OF  RIGID  POLYURETHANE  FOAM 

Physical 

Closed  cells,  Z  foam  volume  .  90 

Water  vapor  permeability,  perm-inch . * .  1.5 

Water  absorption,  per  sq.  foot-surface . . . 05  lb 

Weather  Reristance 

Uncovered  foam . . . subject  to  surface  deterioration 

Covered  or  coated  foam . . . excellent 

Electrical 

Dielectric  constant,  1000  cps . . . .  1.04 

Loss  tangent  . . . 5 
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Strvlct 

Service  temperature  upper  limit  .  180°  -  350°F 

Service  temperature  lower  limit  . -300°F 


luoyanev 


Foam  density  2  lb/cu  ft 


60  lba  support/cu  ft  of  foam 


Mechanical 


Density 

2  lb/cu  ft 
4  lb/cu  ft 
10  lb/cu  ft 

Thermal 


Density 

1.5  -  3 
8  -  30 


Strength 

Compressive  Flexural 
35  pal  45  pel 

82  pal  125  pal 

360  pal  540  pal 


Shear 
28  pal 
73  pal 
250  pal 


R  factor  for  1"  K  factor 

10.0  -  6.7  .10  -  .15 

2.9  -  1.0  .35  -  1.0 


Fire  Retardent 


Reted 


self-extinguishing 
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APPENDIX  IV,  LIST  OF  BROCHURES  USED  IN  FINAL  DESIGN 
Aluminum  skin 


"Alcoa  Alply  Panels",  1969  by  Aluminum  Company  of  America,  Pittsburgh, 
Pennsylvania 

Urethane  foam 


"Urethane  Foam  Systems  ...Value  and  Versatility"  by  The  Urethane 
Systems  Manufacturers'  Committee 

"Technical  Information,  Isonate  System  CPR  349"  by  The  Upjohn  Company 
Torrance,  California 

"Technical  Bulletin,  Polylite  (R)  Polyurethane  Resin"  by  Reichhold 
Chemicals,  Inc.,  Azusa,  California 

Extruded  aluminum  corners 


"Alcoa  Product  Data,  Standard  Items",  July  15,  1970,  by  Aluminum  Company 
of  America,  Pittsburgh,  Pennsylvania 

Aluminum  rivets 


"Southco  Drive  Rivets,  R-71"  by  Southco,  Inc.,  Lester,  Pennsylvania 
Form  panels 

"Concrete  Forming  Equipment",  1969  by  Symons  Mfg.  Company,  Des  Plaines, 
Illinois 

Buckle  connections 


"Basuick  Clamp  Fasterners,  Catalog  No  SCF-70"  by  Stewart-Warner  Corporation 
Bridgeport,  Connecticut 

Lashing  rings 

"Refrigerated  Container  Wall  Lashing  Ring  with  Controlled  Breakage" 
by  J.  N.  Blair  Limited,  Market  Harborough,  Leics.,  England 

Neoprene  glazing  gaskets 


"Stanlock  glazing  gaskets"  by  The  Standard  Products  Co.,  Port  Clinton, 
Ohio 


Insulating  glass 


"Glass  for  Construction",  Jan.  1970,  by  Libbey-Owens-Ford  Company, 
Toledo,  Ohio 

Weathe  r 8 1  ripping 

"Bridgeport  Inner-Seal  Weatherstripping",  by  Bridgeport  Fabrics,  Inc., 
Bridgeport,  Connecticut 


